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DATA  CLASSIFICATION 


Product  Preview 

This  heading  on  a  data  sheet  indicates  that  the  device  is  in  the  formative 
stages  or  in  design  (under  development).  The  disclaimer  at  the  bottom 
of  the  first  page  reads:  'This  document  contains  information  on  a  product 
under  development.  Motorola  reserves  the  right  to  change  or  discontinue 
this  product  without  notice." 

Advance  Information 

This  heading  on  a  data  sheet  indicates  that  the  device  is  in  sampling,  pre- 
production,  or  first  production  stages.  The  disclaimer  at  the  bottom  of 
the  first  page  reads:  "This  document  contains  information  on  a  new 
product.  Specifications  and  information  herein  are  subject  to  change  with- 
out notice." 

Fully  Released 

A  fully  released  data  sheet  contains  neither  a  classificaiton  heading  nor 
a  disclaimer  at  the  bottom  of  the  first  page.  This  document  contains 
information  on  a  product  in  full  production.  Guaranteed  limits  will  not  be 
changed  without  written  notice  to  your  local  Motorola  Semiconductor 
Sales  Office. 
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Prepared  by 
Technical  Information  Center 

This  book  presents  technical  data  for  the  broad  line  of  CMOS  logic  integrated  circuits  and 
demonstrates  Motorola's  continued  commitment  to  Metal-Gate  CMOS.  Complete  specifications  are 
provided  in  the  form  of  data  sheets.  In  addition,  a  Product  Selector  Guide  and  a  Handling  and 
Design  Guidelines  chapter  have  been  included  to  familiarize  the  user  with  these  circuits. 

Motorola  reserves  the  right  to  make  changes  without  further  notice  to  any  products  herein  to 
improve  reliability,  function  or  design.  Motorola  does  not  assume  any  liability  arising  out  of  the 
application  or  use  of  any  product  or  circuit  described  herein;  neither  does  it  convey  any  license 
under  its  patent  rights  nor  the  rights  of  others.  Motorola  and  ®  are  registered  trademarks  of 
Motorola,  Inc.  Motorola,  Inc.  is  an  Equal  Employment  Opportunity/Affirmative  Action  Employer. 
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MASTER  INDEX 


This  index  includes  Motorola's  entire  MC14000  series  CMOS  products,  although  this  book  contains 
data  sheets  for  Logic  Devices  only.  Data  sheets  for  devices  in  the  CMOS/NMOS  Special  Functions 
Data  book  (DL130)  are  designated  in  the  page  number  column  as  SF. 

Products  which  have  been  cancelled  are  designated  in  the  page  number  column  as  — . 


Device  Function  Page 

MC14000UB    Dual  3-lnput  NOR  Gate  Plus  Inverter   6-2 

MC14001B      Quad  2-lnput  NOR  Gate   6-5 

MC14001UB    Quad  2-lnput  NOR  Gate   6-14 

MC14002B      Dual  4-lnput  NOR  Gate   6-5 

MC14002UB    Dual  4-lnput  NOR  Gate   6-14 

MC14006B      18-Bit  Static  Shift  Register   6-19 

MC14007UB    Dual  Complementary  Pair  Plus  Inverter   6-23 

MC14008B      4-Bit  Full  Adder   6-27 

MC14011B      Quad  2-lnput  NAND  Gate   6-5 

MC14011UB    Quad  2-lnput  NAND  Gate   6-14 

MC14012B      Dual  4-lnput  NAND  Gate   6-5 

MC14012UB    Dual  4-lnput  NAND  Gate   6-14 

MC14013B      Dual  D  Flip-Flop   6-33 

MC14014B      8-Bit  Static  Shift  Register   6-37 

MC14015B      Dual  4-Bit  Static  Shift  Register   6-41 

MC14016B      Quad  Analog  Switch/Multiplexer   6-47 

MC14017B      Decade  Counter   6-54 

MC14018B      Presettable  Divide-by-N  Counter   6-59 

MC14020B      14-Bit  Binary  Counter   6-63 

MC14021B      8-Bit  Static  Shift  Register   6-37 

MC14022B      Octal  Counter   6-67 

MC14023B      Triple  3-lnput  NAND  Gate   6-5 

MC14023UB    Triple  3-lnput  NAND  Gate   6-14 

MC14024B      7-Stage  Ripple  Counter   6-72 

MC14025B      Triple  3-lnput  NOR  Gate   6-5 

MC14025UB    Triple  3-lnput  NOR  Gate   6-14 

MC14027B      Dual  J-K  Flip-Flop   6-77 

MC14028B      BCD-to-Decimal/Binary-to-Octal  Decoder   6-81 

MC14029B      Presettable  Binary/BCD  Up/Down  Counter   6-86 

MC14032B      Triple  Serial  Adder  (Positive  Logic)   6-92 

MC14034B      8-Bit  Universal  Bus  Register   6-97 

MC14035B      4-Bit  Shift  Register   6-104 

MC14038B      Triple  Serial  Adder  (Negative  Logic)   6-92 

MC14040B      12-Bit  Binary  Counter   6-108 

MC14042B      Quad  Transparent  Latch   6-112 

MC14043B      Quad  NOR  R-S  Latch   6-116 

MC14044B      Quad  NAND  R-S  Latch   6-116 

MC14046B      Phase-Locked  Loop   6-120 
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MC14049UB  Hex  Inverting  Buffer    6-125 

MC14050B  Hex  Noninverting  Buffer  •  6-125 

MC14051B  8-Channel  Analog  Multiplexer/Demultiplexer  6-129 

MC14052B  Dual  4-Channel  Analog  Multiplexer/Demultiplexer  6-129 

MC14053B  Triple  2-Channel  Analog  Multiplexer/Demultiplexer  6-129 

MC14060B  14-Bit  Binary  Counter  and  Oscillator  6-136 

MC14066B  Quad  Analog  Switch/Multiplexer    6-140 

MC14067B  16-Channel  Analog  Multiplexer/Demultiplexer  6-146 

MC14068B  8-lnput  NAND  Gate  6-5 

MC14069UB  Hex  Inverter  6-154 

MC14070B  Quad  Exclusive  OR  Gate  6-156 

MC14071B  Quad  2-lnput  OR  Gate  6-5 

MC14072B  Dual  4-lnput  OR  Gate  6-5 

MC14073B  Triple  3-lnput  AND  Gate  6-5 

MC14075B  Triple  3-lnput  OR  Gate  6-5 

MC14076B  Quad  D-Type  Register  with  Tri-State  Outputs  6-158 

MC14077B  Quad  Exclusive  NOR  Gate    6-156 

MC14078B  8-lnput  NOR  Gate  6-5 

MC14081B  Quad  2-lnput  AND  Gate  6-5 

MC14082B  Dual  4-lnput  AND  Gate  6-5 

MC14093B  Quad  2-lnput  NAND  Schmitt  Trigger  6-162 

MC14094B  8-Stage  Shift/Store  Register  with  Tri-State  Outputs  6-166 

MC14097B  Dual  8-Channel  Analog  Multiplexer/Demultiplexer  6-146 

MC14099B  8-Bit  Addressable  Latch      6-170 

MC14106B  Hex  Schmitt  Trigger  6-176 

MC14160B  Synchronous  Presettable  BCD  Counter  6-180 

MC1 41 61 B  Synchronous  Presettable  4-Bit  Binary  Counter  6-1 80 

MC14162B  Synchronous  Presettable  BCD  Counter    6-180 

MC14163B  Synchronous  Presettable  4-Bit  Binary  Counter  6-180 

MC14174B  Hex  D  Flip-Flop  6-189 

MC14175B  Quad  D  Flip-Flop  6-193 

MC14194B  4-Bit  Universal  Shift  Register  .  .    6-197 

MC14415  Quad  Precision  Timer/Driver  6-201 

MC14422  Remote  Control  Transmitter  (Product  Cancelled)   — 

MC14433  3V2  Digit  A/D  Converter   SF 

MC14435  3'/2  Digit  A/D  Logic  Subsystem  (Product  Cancelled)   — 

MC14442  Microprocessor-Compatible  A/D  Converter   SF 

MC14443  6-Channel  A/D  Converter  Subsystem     SF 
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MC14444  Microprocessor-Compatible  A/D  Converter   SF 

MC14447  6-Channel  A/D  Converter  Subsystem   SF 

MC14457  Remote  Control  Transmitter   SF 

MC14458  Remote  Control  Receiver   SF 

MC14460  Automotive  Speed  Control  Processor   SF 

MC14461  Smoke  Detector  Circuit  (Product  Cancelled)   — 

MC14462  Smoke  Detector  Circuit  (Product  Cancelled)   — 

MC14464  Smoke  Detector  Circuit  (Product  Cancelled)   — 

MC14465  Smoke  Detector  Circuit  (Product  Cancelled)   — 

MC14466  Low  Cost  Smoke  Detector   SF 

MC1 4467-1  Low  Cost  Smoke  Detector   SF 

MC14468  Interconnectable  Smoke  Detector   SF 

MC14469  Addressable  Asynchronous  Receiverfiransmitter   SF 

MC14490  Hex  Contact  Bounce  Eliminator  6-206 

MC14495-1  Hexadecimal-to-7  Segment  Latch/Decoder  ROM/Driver   SF 

MC14497  PCM  Remote  Control  Transmitter   SF 

MC14499  7-Segment  LED  Display  Decoder/Driver  with  Serial  Interface   SF 

MC14500B  Industrial  Control  Unit  6-213 

MC14501UB  Triple  Gate  6-219 

MC14502B  Strobed  Hex  Inverter/Buffer  6-223 

MC14503B  Hex  3-State  Buffer  6-227 

MC14504B  TTL  or  CMOS  to  CMOS  Hex  Level  Shifter  6-231 

MC14506B  Dual  Expandable  AOI  Gate  (Superseded  by  14506UB)   — 

MC14506UB  Dual  Expandable  AOI  Gate    6-234 

MC14508B  Dual  4-Bit  Latch  6-239 

MC14510B  Presettable  BCD  Up/Down  Counter  6-244 

MC14511B  BCD-to-7-Segment  Latch/Decoder/Driver  6-252 

MC14512B  8-Channel  Data  Selector  6-258 

MC14513B  BCD-to-7-Segment  Latch/Decoder/Driver  with  Ripple  Blanking  6-262 

MC14514B  4-Bit  Transparent  Latch/4-to-16  Line  Decoder  (High).  .  6-270 

MC14515B  4-Bit  Transparent  Latch/4-to-16  Line  Decoder  (Low)  6-270 

MC14516B  Presettable  Binary  Up/Down  Counter    6-276 

MC14517B  Dual  64-Bit  Static  Shift  Register    6-284 

MC14518B  Dual  BCD  Up  Counter  6-288 

MC14519B  4-Bit  AND/OR  Selector  6-293 

MC14520B  Dual  Binary  Up  Counter    6-288 

MC14521B  24-Stage  Frequency  Divider  6-297 

MC14522B  Presettable  BCD  Down  Counter  6-303 
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MC14526B  Presettable  4-Bit  Binary  Down  Counter  6-303 

MC14527B  BCD  Rate  Multiplier  6-311 

MC14528B  Dual  Monostable  Multivibrator  (Not  Recommended  for  New  Designs)  ....  6-317 

MC14529B  Dual  4-Channel  Analog  Data  Selector  6-323 

MC14530B  Dual  5-lnput  Majority  Logic  Gate    6-329 

MC14531B  1 2-Bit  Parity  Tree    6-334 

MC14532B  8-Bit  Priority  Encoder  6-337 

MC14534B  5  Cascaded  BCD  Counters  6-343 

MC14536B  Programmable  Timer  6-350 

MC14538B  Dual  Precision  Monostable  Multivibrator  .' .  6-361 

MC14539B  Dual  4-Channel  Data  Selector/Multiplexer  6-369 

MC14541B  Programmable  Oscillator/Timer  6-373 

MC14543B  BCD-to-7-Segment  Latch/Decoder/Driver  for  Liquid  Crystals  6-378 

MC14544B  BCD-to-7-Segment  Latch/Decoder/Driver  with  Ripple  Blanking  6-383 

MC14547B  High-Current  BCD-to-7-Segment  Decoder/Driver    6-389 

MC14548B  Dual  Monostable  Multivibrator  (Retriggerable/Resettable)   — 

MC14549B  Successive  Approximation  Registers  6-394 

MC14551B  Quad  2-Channel  Analog  Multiplexer/Demultiplexer  6-401 

MC14553B  3-Digit  BCD  Counter  6-408 

MC14554B  2  x  2-Bit  Parallel  Binary  Multiplier  6-414 

MC14555B  Dual  Binary  to  1-of-4  Decoder  (Active  High  Outputs)  6-418 

MC14556B  Dual  Binary  to  1-of-4  Decoder  (Active  Low  Outputs)    6-418 

MC14557B  1-to-64  Bit  Variable  Length  Shift  Register  6-421 

MC14558B  BCD-to-7-Segment  Decoder  6-425 

MC14559B  Successive  Approximation  Registers  6-394 

MC14560B  NBCD  Adder  6-430 

MC14561B  9's  Complementer    6-441 

MC14562B  128-Bit  Static  Shift  Register   .  6-447 

MC14566B  Industrial  Time  Base  Generator  6-451 

MC14568B  Phase  Comparator  and  Programmable  Counters  6-457 

MC14569B  Programmable  Dual  4-Bit  Binary/BCD  Down  Counter  6-467 

MC14572UB  Hex  Gate    .  6-477 

MC14573  Quad  Programmable  Op  Amp   SF 

MC14574  Quad  Programmable  Comparator   SF 

MC14575  Programmable  Dual  Op  Amp/Dual  Comparator   SF 

MC14580B  4x4  Multiport  Register  6-480 

MC14581B  4-Bit  Arithmetic  Logic  Unit  6-485 

MC14582B  Look-Ahead  Carry  Block  6-490 
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MC14583B  Dual  Schmitt  Trigger   6-494 

MC14584B  Hex  Schmitt  Trigger   6-500 

MC14585B  4-Bit  Magnitude  Comparator   6-503 

MC14597B  8-Bit  Bus-Compatible  Counter  Latch   6-507 

MC14598B  8-Bit  Bus-Compatible  Addressable  Latch   6-507 

MC14599B  8-Bit  Addressable  Latch   6-170 

MC1441 10  Hex  D/A  Converter  with  Serial  Interface   SF 

MC1441 1 1  Quad  D/A  Converter  with  Serial  Interface   SF 

MC1 45000  48-Segment  Multiplexed  LCD  Driver  (Master)   SF 

MC1 45001  44-Segment  Multiplexed  LCD  Driver  (Slave)   SF 

MC1 45026  Remote  Control  Encoder   SF 

MC1 45027  Remote  Control  Decoder   SF 

MC1 45028  Remote  Control  Decoder   SF 

MC 145029  Remote  Control  Decoder   SF 

MC1 45040  Analog-to-Digital  Converter  with  Serial  Interface   SF 

MC1 45041  Analog-to-Digital  Converter  with  Serial  Interface   SF 

MC145104  PLL  Frequency  Synthesizer  (Not  Recommended  for  New  Designs)   SF 

MC145106  PLL  Frequency  Synthesizer   SF 

MC145107  PLL  Frequency  Synthesizer  (Not  Recommended  for  New  Designs)   SF 

MC145109  PLL  Frequency  Synthesizer  (Not  Recommended  for  New  Designs)   SF 

MC1451 12  PLL  Frequency  Synthesizer  (Not  Recommended  for  New  Designs)   SF 

MC145143  PLL  Frequency  Synthesizer  (Not  Recommended  for  New  Designs)   SF 

MC145144  4-Bit  Data  Bus  Input  PLL  Frequency  Synthesizer  (Not  Recommended 

for  New  Designs)   SF 

MC1 451 45-1  4-Bit  Data  Bus  Input  PLL  Frequency  Synthesizer   SF 

MC1 451 46-1  4-Bit  Data  Bus  Input  PLL  Frequency  Synthesizer   SF 

MC1 451 51-1  Parallel  Input  PLL  Frequency  Synthesizer   SF 

MC1 451 52-1  Parallel  Input  PLL  Frequency  Synthesizer   SF 

MC1 451 55-1  Serial  Input  PLL  Frequency  Synthesizer   SF 

MC1 451 56-1  Serial  Input  PLL  Frequency  Synthesizer   SF 

MC1 451 57-1  Serial  Input  PLL  Frequency  Synthesizer   SF 

MC1 451 58-1  Serial  Input  PLL  Frequency  Synthesizer   SF 

MC1 451 59-1  Serial  Input  PLL  Frequency  Synthesizer  with  Analog  Phase  Detector   SF 

MC1 45453  33-Segment  LCD  Driver  with  Serial  Interface   SF 
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Device  Function  Page 
NAND  Gates 

MC14011B      Quad  2-lnput  NAND  Gate   6-5 

MC14011UB    Quad  2-lnput  NAND  Gate   6-14 

MC14093B      Quad  2-lnput  NAND  Schmitt  Trigger   6-162 

MC14023B      Triple  3-lnput  NAND  Gate   6-5 

MC14023UB    Triple  3-lnput  NAND  Gate   6-14 

MC14012B      Dual  4-lnput  NAND  Gate   6-5 

MC14012UB    Dual  4-lnput  NAND  Gate   6-14 

MC14068B      8-lnput  NAND  Gate   6-5 

NOR  Gates 

MC14001B      Quad  2-lnput  NOR  Gate   6-5 

MC14001UB    Quad  2-lnput  NOR  Gate   6-14 

MC14025B      Triple  3-lnput  NOR  Gate   6-5 

MC14025UB    Triple  3-lnput  NOR  Gate   6-14 

MC14000UB    Dual  3-lnput  NOR  Gate  Plus  Inverter   6-2 

MC14002B      Dual  4-lnput  NOR  Gate   6-5 

MC14002UB    Dual  4-lnput  NOR  Gate   6-14 

MC14078B      8-lnput  NOR  Gate   6-5 

AND  Gates 

MC14081B      Quad  2-lnput  AND  Gate   6-5 

MC14073B      Triple  3-lnput  AND  Gate   6-5 

MC14082B      Dual  4-lnput  AND  Gate   6-5 

OR  Gates 

MC14071B      Quad  2-lnput  OR  Gate   6-5 

MC14075B      Triple  3-lnput  OR  Gate   6-5 

MC14072B      Dual  4-lnput  OR  Gate   6-5 

Complex  Gates 

MC14070B      Quad  Exclusive  OR  Gate   6-156 

MC14077B      Quad  Exclusive  NOR  Gate   6-156 

MC14501UB    Triple  Gate   6-219 

MC14506UB    Dual  Expandable  AOI  Gate   6-234 

MC14530B      Dual  5-lnput  Majority  Logic  Gate   6-329 

MC14519B      4-Bit  AND/OR  Selector   6-293 

MC14572UB     Hex  Gate   6-477 

Inverters/Buffers/Level  Translator 

MC14007UB    Dual  Complementary  Pair  Plus  Inverter   6-23 

MC14049UB    Hex  Inverting  Buffer   6-125 

MC14050B      Hex  Noninverting  Buffer   6-125 

MC14069UB    Hex  Inverter   6-154 

MC14502B      Strobed  Hex  Inverter/Buffer   6-223 

MC14503B      Hex  3-State  Buffer   6-227 

MC14504B      TTL  or  CMOS  to  CMOS  Hex  Level  Shfiter   6-231 

MC14584B      Hex  Schmitt  Trigger   6-500 


2-2 


Device 


Function 


Page 


Decoders/Encoders 

MC14028B  BCD-to-Decimal/Binary-to-Octal  Decoder.  6-81 

MC14511B  BCD-to-7-Segment  Latch/Decoder/Driver  6-252 

MC14513B  BCD-to-7-Segment  Latch/Decoder/Driver  with  Ripple  Blanking  6-262 

MC14543B  BCD-to-7-Segment  Latch/Decoder/Driver  for  Liquid  Crystals  6-378 

MC14544B  BCD-to-7-Segment  Latch/Decoder/Driver  with  Ripple  Blanking  6-383 

MC14547B  High-Current  BCD-to-7-Segment  Decoder/Driver  6-389 

MC14558B  BCD-to-7-Segment  Decoder    6-425 

MC14514B  4-Bit  Transparent  Latch/4-to-16  Line  Decoder  (High)  6-270 

MC14515B  4-Bit  Transparent  Latch/4-to-1 6  Line  Decoder  (Low)  6-270 

MC14532B  8-Bit  Priority  Encoder   6-337 

MC14555B  Dual  Binary  to  1-of-4  Decoder  (Active  High  Outputs)   6-418 

MC14556B  Dual  Binary  to  1-of-4  Decoder  (Active  Low  Outputs)  6-418 

Multiplexers/Demultiplexers/Bilateral  Switches 

MC14016B  Quad  Analog  Switch/Multiplexer  6-47 

MC14066B  Quad  Analog  Switch/Multiplexer  6-140 

MC14551B  Quad  2-Channel  Analog  Multiplexer/Demultiplexer   6-401 

MC14053B  Triple  2-Channel  Analog  Multiplexer/Demultiplexer  6-129 

MC14052B  Dual  4-Channel  Analog  Multiplexer/Demultiplexer  6-129 

MC14097B  Dual  8-Channel  Analog  Multiplexer/Demultiplexer   .  6-146 

MC14529B  Dual  4-Channel  Analog  Data  Selector  6-323 

MC14539B  Dual  4-Channel  Data  Selector/Multiplexer   6-369 

MC14067B  16-Channel  Analog  Multiplexer/Demultiplexer  6-146 

MC14051B  8-Channel  Analog  Multiplexer/Demultiplexer  6-129 

MC14512B  8-Channel  Data  Selector  6-258 

MC14519B  4-Bit  AND/OR  Selector  6-293 

Schmitt  Triggers 

MC14093B  Quad  2-lnput  NAND  Schmitt  Trigger  6-162 

MC14583B  Dual  Schmitt  Trigger  6-494 

MC14106B  Hex  Schmitt  Trigger    6-176 

MC14584B  Hex  Schmitt  Trigger   .  6-500 

Flip-Flops/Latches 

MC14042B  Quad  Transparent  Latch    6-112 

MC14043B  Quad  NOR  R-S  Latch    6-116 

MC14044B  Quad  NAND  R-S  Latch  6-116 

MC14076B  Quad  D-Type  Register  with  Tri-State  Outputs  6-158 

MC14175B  Quad  D  Flip-Flop  6-193 

MC14013B  Dual  D  Flip-Flop  6-33 

MC14027B  DualJ-K  Flip-Flop  6-77 

MC14508B  Dual  4-Bit  Latch  6-239 

MC14174B  Hex  D  Flip-Flop  6-189 

MC14099B  8-Bit  Addressable  Latch   6-170 

MC14597B  8-Bit  Bus-Compatible  Counter  Latch    6-507 

MC14598B  8-Bit  Bus-Compatible  Addressable  Latch  6-507 

MC14599B  8-Bit  Addressable  Latch  6-170 
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Shift  Registers 

MC14015B  Dual  4-Bit  Static  Shift  Register  6-41 

MC14517B  Dual  64-Bit  Static  Shift  Register  6-284 

MC14562B  128-Bit  Shift  Register  6-447 

MC14557B  1-to-64  Bit  Variable  Length  Shift  Register  6-421 

MC14006B  18-Bit  Static  Shift  Register  6-19 

MC14014B  8-Bit  Static  Shift  Register  6-37 

MC14021B  8-Bit  Static  Shift  Register  6-37 

MC14034B  8-Bit  Universal  Bus  Register  6-97 

MC14094B  8-Stage  Shift/Store  Register  with  Tri-State  Outputs   .  6-166 

MC14035B  4-Bit  Shift  Register  6-104 

MC14194B  4-Bit  Universal  Shift  Register  6-197 

MC14549B  Successive  Approximation  Registers  6-394 

MC14559B  Successive  Approximation  Registers  6-394 

Counters 

MC14017B  Decade  Counter  6-54 

MC14018B  Presettable  Divide-by-N  Counter  6-59 

MC14020B  14-Bit  Binary  Counter  6-63 

MC14022B  Octal  Counter  6-67 

MC14024B  7-Stage  Ripple  Counter    6-72 

MC14029B  Presettable  Binary/BCD  Up/Down  Counter  6-86 

MC14040B  12-Bit  Binary  Counter  6-108 

MC14060B  14-Bit  Binary  Counter  and  Oscillator  6-136 

MC14160B  Synchronous  Presettable  BCD  Counter  6-180 

MC14161B  Synchronous  Presettable  4-Bit  Binary  Counter  6-180 

MC14162B  Synchronous  Presettable  BCD  Counter  6-180 

MC14163B  Synchronous  Presettable  4-Bit  Binary  Counter  6-180 

MC14510B  Presettable  BCD  Up/Down  Counter  6-244 

MC14516B  Presettable  Binary  Up/Down  Counter  6-276 

MC14518B  Dual  BCD  Up  Counter  6-288 

MC14520B  Dual  Binary  Up  Counter  6-288 

MC14522B  Presettable  BCD  Down  Counter  6-303 

MC14526B  Presettable  4-Bit  Binary  Down  Counter  6-303 

MC14534B  5  Cascaded  BCD  Counters  6-343 

MC14553B  3-Digit  BCD  Counter  6-408 

MC14566B  Industrial  Time  Base  Generator  6-451 

MC14569B  Programmable  Dual  4-Bit  Binary/BCD  Counter  6-467 

Oscillators/Timers 

MC14521B  24-Stage  Frequency  Divider  6-297 

MC14536B  Programmable  Timer  6-350 

MC14541B  Programmable  Oscillator/Timer  6-373 

Multivibrators 

MC14528B  Dual  Monostable  Multivibrator  (Not  Recommended  for  New  Designs) .  .  .  6-317 

MC14538B  Dual  Precision  Monostable  Multivibrator  6-361 
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Device  Function  Page 
Adders/Comparators 

MC14008B      4-Bit  Full  Adder   6-27 

MC14032B      Triple  Serial  Adder  (Positive  Logic)   6-92 

MC14038B      Triple  Serial  Adder  (Negative  Logic)   6-92 

MC14560B      NBCD  Adder   6-430 

MC14561B      9's  Complementer   6-441 

MC14582B      Look-Ahead  Carry  Block   6-490 

MC14585B      4-Bit  Magnitude  Comparator   6-503 

ALU/Rate  Multipliers 

MC14527B      BCD  Rate  Multiplier   6-311 

MC14554B      2  x  2-Bit  Parallel  Binary  Multiplier   6-414 

MC14581B      4-Bit  Arithmetic  Logic  Unit   6-485 

Parity  Checker 

MC14531B      12-Bit  Parity  Tree   6-334 

Memory 

MC14580B      4x4  Multiport  Register   6-480 

Microprocessor/Industrial  Control 

MC14500B      Industrial  Control  Unit  6-213 

Other  Complex  Functions 

MC14046B      Phase-Locked  Loop  6-120 

MC14415        Quad  Precision  Timer/Driver  6-201 

MC14490        Hex  Contact  Bounce  Eliminator  6-206 

MC14568B      Phase  Comparator  and  Programmable  Counters  6-457 
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The  "BETTER"  Program 


The  "BETTER"  program  is  offered  on  Metal-Gate  CMOS 
in  dual-in-line  ceramic  and  plastic  packages. 

Motorola  standard  commercial  integrated  circuits  are  man- 
ufactured under  stringent  in-process  controls  and  quality 


inspections  combined  with  the  industry's  finest  outgoing  qual- 
ity inspections.  The  "BETTER"  program  offers  two  levels  of 
extra  processing  each  tailored  to  meet  different  user  needs 
at  nominal  costs. 


BETTER  PROCESSING  —  STANDARD  PRODUCT  PLUS: 


Level 

Level 

tl 

III 

100%  Screen 

"D" 

"DS" 

Temp  Cycle  10  Cycles  —  25"C  to  +  150°C 

X 

25°C  Functional  and  Parametric  Test 

X 

X 

High  Temperature  Test' 

X 

Bum-In 

X 

X 

2S°C  Post  Bum-In  Functional  and  Parametric  Test 

X 

X 

'Thigh  =  +  125°C  for  AL  Device,  +  85°C  for  CL'CP  Device. 


PART  MARKING 


HOW  TO  ORDER 


The  Standard  Motorola  part  number  with  the  corre- 
sponding "BETTER"  suffix  can  be  ordered  from  your  lo- 
cal authorized  Motorola  distributor  or  Motorola  sales 
offices.  "BETTER"  pricing  will  be  quoted  as  an  adder  to 
standard  commercial  product  price. 


MC14001B 


Part 
Identification 


CP 

~r 

Standard 
Package 
Sullix 


"BETTER" 
PROCESSING 
LEVEL  II  =  SUFFIX  D 
LEVEL  III  =  SUFFIX  DS 
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B  AND  UB  SERIES  CMOS  FAMILY  DATA 


The  CMOS  Devices  in  this  volume  which  have  a  B  or  UB 
suffix  meet  the  minimum  values  for  the  industry-standardized* 
family  specification.  These  standardized  values  are  shown  in 
the  Maximum  Ratings  and  Electrical  Characteristics  Tables.  In 
addition  to  a  standard  minimum  specification  tor  characteristics 
the  B/UB  devices  feature: 

•  3-18  volt  operational  limits 

•  Capable  of  driving  two  low-power  TTL  loads  or  one  low- 
power  Schottky  TTL  load  over  the  rated  temperature  range  . 

•  Direct  Interface  to  High-Speed  CMOS 

•  Maximum  input  current  of  £  1  u,A  at  15  volt  power  supply 
over  the  temperature  range 

•  Parameters  specified  at  5.0, 10.  and  15  volt  supply 

•  Noise  margins:  B  Series 

1 .0  V  min  <a  5.0  V  supply 
2.0  V  min  <&  10  V  supply 
2.5  V  min  (fi  15  V  supply 

UB  Series 
0.5  V  min  <&  5.0  V  supply 
1.0  V  min  fi  10  V  supply 
1.0  V  min  fa  15  V  supply 


The  industry-standardized  maximum  ratings  are  shown  at  the 
bottom  of  this  page.  Limits  tor  the  static  characteristics  are 
shown  in  two  formats:  Table  1  is  in  the  industry  format  and 
Table  2  is  in  the  equivalent  Motorola  format.  The  Motorola  for- 
mat is  used  throughout  this  data  book.  Additional  specification 
values  are  shown  on  the  Individual  data  sheets. 

Switching  characteristics  tor  the  B  and  UB  series  devices  are 
specified  under  the  following  conditions: 

Load  Capacitance,  C|_,  of  50  pF 

Input  Voltage  equal  to  Vss- VDD  (Raii-to-Rail  swing) 

Input  pulse  rise  and  tall  times  of  20  ns 

Propagation  Delay  times  measured  from  50%  point  of  input 

voltage  to  50%  point  of  output  voltage 

Three  different  supply  voltages:  5,  10,  and  15  V 

Exceptions  to  the  B  and  UB  Series  Family 
Specification 

There  are  a  number  of  devices  which  have  a  B  or  UB  suffix 
whose  inputs  and/or  outputs  vary  somewhat  from  the  family 
specification  because  of  functional  requirements.  Some  cate- 
gories of  notable  exceptions  are: 

Devices  with  specialized  outputs  on  the  chip,  such  as  NPN 
emitter-follower  drivers  or  transmission  gates,  do  not  meet 
output  specifications. 

#Specifications  coordinated  by  EIA/JE0EC  Solid-State  Products  Council. 


Devices  with  specialized  inputs,  such  as  oscillator  inputs, 
have  unique  input  specifications. 

Input  Voltage 

The  input  voltage  specification  is  interpreted  as  the  worst- 
case  input  voltage  to  produce  an  output  level  of  "1"  or  "0". 
This  "1 "  or  "0"  output  level  is  defined  as  a  deviation  from  the 
supply  (Vqq)  and  ground  (Vss)  levels.  For  a  5.0  V  supply,  this 
deviation  is  0.5  V;  for  a  1 0  V  supply,  1.0  V;  and  for  1 5  V.  1 .5  V. 
As  an  example,  in  a  device  operating  at  a  5.0  V  supply,  the 
device  with  the  input  starting  at  ground  is  guaranteed  to  switch 
on  or  before  3.5  V  and  not  to  switch  up  to  1 .5  V.  Switching  and 
not  switching  are  delined  as  within  0.5  V  of  the  ideal  output 
level  for  the  example  with  a  5.0  V  supply.  The  actual  switching 
level  referred  to  the  input  is  between  1.5  V  and  3.5  V. 

Noise  Margin 

The  values  for  input  voltages  and  the  defined  output  devi- 
ations lead  to  the  calculated  noise  margins.  Noise  margin  is 
defined  as  the  difference  between  V[|_  or  V|h  and  Vout  (output 
deviation).  As  an  example,  tor  a  noninverting  buffer  at  Vqd  = 
5.0  volts:  V|i_  =  1.5  volts  and  Vout  =  0.5  volts.  Therefore, 
Noise  Margin  equals  Vjr_  -  Vout  =  1.0  volt.  This  figure  is  use- 
ful while  cascading  stages  (See  Figure  1).  With  the  input  to  the 
first  stage  at  a  worst-case  voltage  level  ( V|l  =  1 .5  V),  the  out- 
put is  guaranteed  to  be  no  greater  than  0.5  volts  with  a  5.0  volt 
supply.  Since  the  maximum  allowable  logic  0  for  the  second 
stage  is  1.5  volts,  this  0.5  volt  output  provides  a  1.0  volt  margin 
for  noise  to  the  next  stage. 

Output  Drive  Current 

Devices  in  the  B  Series  are  capable  of  sinking  a  minimum  of 
0.36  mA  over  the  temperature  range  with  a  5.0  V  supply.  This 
value  guarantees  that  these  CMOS  devices  will  drive  one  low- 
power  Schottky  TTL  input. 

B  Series  vs  UB  CMOS 

The  primary  difference  between  B  series  and  UB  series  de- 
vices is  that  UB  series  gates  and  inverters  are  constructed  with 
a  single  inverting  stage  between  input  and  output.  The  de- 
creased gain  caused  by  using  a  single  stage  results  in  less 
noise  immunity  and  a  transfer  characteristic  that  is  less  ideal. 

The  decreased  gain  is  quite  useful  when  CMOS  Gates  and 
inverters  are  used  in  a  "Linear"  mode  to  form  oscillators, 
monostables,  or  amplifiers.  The  decreased  gain  results  in  in- 
creased stability  and  a  "cleaner"  output  waveform.  In  addition 
to  linear  operation,  the  UB  gates  and  inverters  offer  an  in- 
crease in  speed,  since  only  a  single  stage  is  involved. 

The  8  and  UB  series,  and  devices  with  no  suffix  can  be  used 
interchangeably  in  digital  circuits  that  interface  to  other  CMOS 
devices,  such  as  High-Speed  CMOS  Logic. 


MAXIMUM  RATINGS*  (Voltages  Roleronced  to  vss) 


Symbol 

Paratnotor 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-O  S  to  *  18.0 

V 

Vjn»  Vqu! 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  VDD  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±  to 

mA 

Pp 

Power  Dissipation,  per  Packager 

500 

mW 

Tatn 

Storage  Temperature 

-  65  to  -  1 50 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

"Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
tTemperature  Derating:  Plastic  "P"  Package:  -  l2mW/*C  from  65*C  lo  85*C 

Ceramic  "L"  Package:  -  12mW/aC  from  100'C  to  125*C 


First  Stage 
(Noninverting  Buffer) 


Second  Stage 
(Noninverting  Buffer) 


TABLE  1  -  EIA/JEDEC  FORMAT  FOR  CMOS  INDUSTRY  B  AND  UB  SERIES  SPECIFICATIONS 


ELECTRICAL  CHARACTERISTICS 


TEMP 
RANOE 

Voo 

(Vde) 

LIMITS 

PARAMETER 

CONDITIONS 

Tlow* 

»2S°C 

Thigh* 

UNITS 

Min 

Muc 

Min 

Max 

Min 

Max 

Quinctflt 
Davlca  Currtnl 

Mil 

6 

0.26 

0.26 

7.6 

liAdc 

GATES 

10 
16 

Vln  "  VSS  or  VD0 

0.6 
1.0 

0.5 
1.0 

is 

30 

Comm 

6 
10 
16 

All  valid  input 
combinttloni 

1j0 
2.0 
4.0 

1.0 
2.0 
4.0 

7.6 
16 
30 

MAdc 

Mil 

6 
10 
16 

V|N-Vss<»  Voo 

1.0 
2.0 
4.0 

1.0 

0  n 
«.u 

4.0 

30 
60 
120 

MAdc 

BUFFERS, 

Comm 

6 

All  valid  input 

4 

4.0 

30 

MAdc 

FLIP-FLOPS 

10 
16 

combination 

8 
16 

8.0 
16.0 

60 
120 

Mil 

6 

10 
18 

VIN"  VSS<"  Vdd 

8 
10 
20 

6 
10 
20 

160 
300 
600 

MAdc 

MSI 

Comm 

6 

10 
16 

All  valid  input 
combinations 

20 
40 

80 

20 
40 
80 

150 
300 
600 

MAdc 

vol 

Low-Level 

All 

5 

0.05 

0.06 

0.06 

Vde 

Output  Vol tige 

10 
18 

V|N- Vssor  Voo 
HoKVA 

0.06 
0.06 

0.06 
0.06 

0.06 
0.05 

V0H 

High-Level 
Output  Voltage 

All 

6 
10 
16 

Vim  ■  Vcc  or  Vnn 
ll0l<  IwA 

4.96 
936 
14.96 

4.96 
9.95 
14.95 

4.96 
9.95 
14.96 

Vote 

V|L 

Input 

Low  Voltage* 
B  Type* 

All 

6 
10 
16 

Vq  •  O.BV  or  4.6V 
V0-  U)V  or  9.0V 

VQ      laDV  Or  Id.DV 

Hol  <  1mA 

1.6 
3.0 
4.0 

1.6 
3.0 
4.0 

1.6 
3.0 
4.0 

Vde 

V|L 

Input 

Low  Voltage" 
UBTypm 

All 

6 
10 
16 

Vo  ■  0.6V  or  4.6V 
V0-  1.0V  or  9.0V 
Vq  ■  1.6V  or  13.6V 
ll0l  <  1|lA 

1.0 
2.0 
2.5 

1.0 
2.0 
2.5 

1.0 
2.0 
2.6 

Vde 

V|H 

Input 

High  Voltage* 
BTypn 

All 

6 
10 
16 

V0- 0.6V  or  4.6V 
Vo  -  1.0V  or  9.0V 
V0-  1.6V  or  13.6V 
llnl  <  luA 

3.6 
7j0 
11.0 

3.6 
7.0 
11.0 

3.8 
7.0 
11.0 

Vde 

V|H 

Input 

High  Voltage* 
UB  Types 

All 

5 
10 
16 

Vq  -  0.6V  or  4.6V 
V0-  1.0V  or  9.0V 
Vo  -  1.6  V  or  13.6V 
ll0l  <  1|lA 

4.0 

8.0 
12.6 

4.0 
8.0 

ns 

4.0 

8.0 
12.6 

Vde 

'OL 

Output  Low 
(Sink)  Current 

Mil 

6 

10 
16 

Vq  -  0.4V. 

V|M-0or6V 
Vo  •  0.6V, 

V|N-0or  10V 
VQ-1.6V, 

V|N-0or16V 

0.64 

1.6 
4.2 

0.61 
1 J 
3.4 

0.38 
0.9 
2.4 

mAdc 

Com 

6 
10 
16 

V0  -  0.4V, 

V|M  -  0  or  SV 
Vo  •  0.6V, 

V|N-0or10V 
Vo  -  1.6V, 

Vim  -  0  or  16V 

0.52 
t.3 
3.8 

0.44 

1.1 

3.0 

0.38 
0.0 
2.4 

mAdc 
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TABLE  1  -  Continued 


ELECTRICAL  CHARACTERISTICS 


PARAMETER 

TEMP 
RANGE 

VDO 

IVdcl 

CONDITIONS 

LIMITS 

UNITS 

TLOW* 

♦  2S°C 

THI 

Min 

Max 

Mln 

Max 

Min 

Max 

'OH 

Output  High 
(Source)  Current 

Mil 

5 
10 
IS 

Vq  "  4.6V. 

VIN-0orSV 
V0  •  9.SV. 

V|N  -  Oor  10V 
V0-  13.5V. 

V|N  -  0  or  15V 

-0.25 
-0.62 
-1.B 

-0.2 
-0.5 
_  t.5 

-0.14 
-0.35 
-1.1 

mAdc 

Com 

S 
10 
IS 

V0  "  4.6V. 

V|N  -  Oor  5V 
V0  -  9.SV. 

V|N  -  Oor  10V 
Vq  ■  13.5V 

V|N  -  Oor  15V 

-0.2 
-O.S 
-1.4 

-0.16 
-0.4 
-1.2 

-0.12 
-0.3 
-10 

mAdc 

'in 

Input  Current 

Mil 
Comm 

IS 
IS 

V|N  -  Oor  15V 
V)N  -  Oor  15V 

iO.I 
■-0  2 

*0.1 
:0.3 

=  1.0 
tl.O 

MAdc 
MAdc 

'02 

3-State  Output 
Leakage  Current 

Mil 
Comm 

IS 
15 

V|N  -  Oor  15V 
V|N  -  Oor  15V 

sO.4 
t1.6 

;0.4 
=  1.6 

112 
:12 

MAdc 
MAdc 

C|N 

Input  Capacitance 
per  unit  load 

All 

Any  Input 

7.5 

pF 

*TL0W  '  -6S°C  lor  Military  temperature  range  device.  -40°C  for  Commercial  temperature  range  device. 
THIQH  "  ♦125°C  for  Military  temperature  range  device,  +85°C  for  Commercial  temperature  range  device. 
•Applies  for  Wont  Ceie  input  combinations. 


TABLE  2  -  MOTOROLA  FORMAT  FOR  CMOS  INDUSTRY  B  AND  UB  SERIES  SPECIFICATIONS 


ELECTRICAL  CHARACTERISTICS 


Characteristic 

Symbol 

VD0 

flow* 

2S°C 

Thigh* 

Unit 

Vdc 

Min 

Max 

Mln 

Max 

Min 

Max 

Output  Voltage 

••0' 

Level 

vol 

5.0 

0.05 

0.05 

0.05 

Vdc 

Vin  '  Vfjp  or  0 

10 
IS 

0.05 
O.OS 

O.OS 
O.OS 

O.OS 
O.OS 

"1" 

Level 

voh 

5.0 

4.95 

4. 95 

4.95 

Vdc 

Vjn  -  0  or  V0D 

10 
16 

9.95 
14.95 

9.95 
14.95 

9.95 
14.95 

Inpul  Voltage  B  Types 

..„.. 

Level 

V|L 

Vdc 

(Vq  -  4.5  or  O.S  Vdcl 

5.0 

1.5 

1.5 

1.5 

(Vo-9.0or  1.0  Vdcl 

10 

3.0 

3.0 

3.0 

(Vq  -  13.Sor  I.S  Vdcl 

15 

4.0 

4.0 

4.0 

(Vq- 0.5  or  4.5  Vdcl 

Level 

V|H 

5.0 

3.5 

35 

3.S 

Vdc 

(V0  1.0  or  9.0  Vdcl 

10 

7.0 

7.0 

7  0 

(V0- 1.5  or  13.5  Vdcl 

IS 

11.0 

11.0 

11.0 

Input  Voltage  UB  Types 
(Vq  -  4.5  or  O.S  Vdcl 

"0" 

Level 

V|L 

5.0 

1.0 

1.0 

1.0 

Vdc 

IV0- 9.0  or  1.0  Vdc) 
(Vq  ■  13.5  or  1.5  Vdcl 

10 
15 

2.0 
2.5 

2.0 
2.5 

2.0 
2.5 

(VD- 0.5  or  4.5  Vdc) 

Level 

V|H 

S.O 

4.0 

4.0 

4.0 

Vdc 

(Vo~  1.0  or  9.0  Vdcl 

10 

8.0 

8.0 

8.0 

(V0- 1.5  or  13.5  Vdcl 

15 

12.5 

12.5 

12.5 
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TABLE  2  -  Continued 


ELECTRICAL  CHARACTERISTICS 


Symbol 

VDD 

Tlow' 

2S°C 

Thigh  * 

Unit 

Vdc 

Mln 

Ma« 

Mln 

Max 

Mln 

Max 

Output  Drive  Current  (AL)  6  Gates 

'oh 

mAdc 

(Voh  "  2.5  Vdc) 

Source 

5.0 

-3.0 

- 

-2.4 

- 

-1.7 

- 

<Voh  *  4.6  Vdc) 

5.0 

-0.64 

- 

-0.51 

— 

-0.36 

- 

(V0H  "  9-5  Vdc) 

10 

- 1.6 

-  1.3 

-0.9 

(VOH  ■  13.8  Vdcl 

15 

-4.2 

— 

-3.4 

~  2.4 

(Vol  "0.4  Vdcl 

Sink 

fni 

S.0 

0.64 

- 

0.51 

— 

0.38 

— 

(vol  •  0.6  vdc) 

10 

1.6 

- 

1.3 

— 

0.9 

— 

(v0l  "  '-6  vdc) 

15 

4.2 

- 

3.4 

— 

2.4 

— 

Output  Drive  Current  ICL/CP)  8  Goto) 

 TZZ — 

'OH 

mAdc 

(V0H  "  2.5  Vdc) 

Source 

5.0 

-2.5 

- 

-2.1 

- 

-1.7 

- 

(voh  *  46  vdc) 

5.0 

-0.52 

- 

-0.44 

- 

-0.36 

- 

(Vqh  "  9-6  Vdcl 

10 

-1.3 

- 

-1.1 

- 

-0.9 

- 

(Voh  "  i3  s  vdc) 

15 

-3.6 

- 

-3.0 

- 

-2.4 

- 

lv0L  "  0.4  vdc) 

Sink 

'UL 

5.0 

0.52 

- 

0.44 

- 

0.36 

- 

(Vol  ■  o.5  vdc) 

10 

1.3 

- 

1.1 

- 

0.9 

- 

(vol  -  's  vdc) 

16 

3.6 

- 

3.0 

— 

2.4 

- 

Output  Orive  Current  IAL)  UB  Gates 

 i  

'OH 

 Adc 

m 

(Vqh  "  2.5  Vdc) 

Source 

6.0 

-1.2 

- 

-1.0 

- 

-0.7 

- 

(Voh  '  46  vdc) 

5.0 

-0.26 

- 

-0.2 

- 

-0.14 

- 

(Voh  "  9-5  vdc) 

10 

•0.62 

- 

-0.6 

- 

-0.35 

- 

(Voh  "  13.5  Vdc) 

15 

-US 

- 

-1.5 

- 

-1.1 

- 

(Vql  -  0.4  vdc) 

Sink 

■OL 

5.0 

0.64 

- 

0.51' 

- 

0.36 

- 

(v0l  ■  0.6  vac) 

10 

1.6 

- 

1.3 

- 

0.9 

- 

(vql-  i.6  vdc) 

15 

4.2 

- 

3.4 

- 

2.4 

- 

Output  Drive  Current  (CL/CP)  UB  Gates 

 InH — 

mAdc 

(Voh  •  2.6  Vdc) 

Source 

SO 

-1.0 

- 

-0.8 

- 

-0.6 

- 

IV0H  "  4.6  Vdc) 

6.0 

-0.2 

- 

-0.16 

- 

-0.12 

— 

(VOH  "  9.6  Vdc) 

10 

-O.S 

— 

-0.4 

— 

-0.3 

— 

(VOH  •  13.5  Vdc) 

15 

-1 .4 

-1 .2 

-1  0 

(Vol  ■  o.4  vdc) 

Sink 

'OL 

5.0 

0.52 

- 

0.44 

- 

0.36 

- 

(v0l  -  o.6  vdc) 

10 

1.3 

- 

1.1 

- 

0.9 

- 

•vol"  1.6  vdc) 

15 

3.6 

- 

3.0 

- 

2.4 

- 

Output  Drive  Current  (AD  Other  Devices 

■OH 

— mAdc 

(V0H  "  4.6  Vdc! 

Source 

6.0 

-0.64 

— 

-0.51 

- 

-0.38 

- 

(V0H  '  9-5  Vdc) 

10 

-1.6 

- 

-1.3 

- 

-0.9 

- 

(V0H  "  13.6  Vdc) 

15 

-4.2 

- 

-3.4 

- 

-2.4 

- 

(Vol  ■  0-4  vdc) 

Sink 

'OL 

5.0 

0.64 

- 

0.51 

- 

0.36 

- 

(vol  ■  o.s  vdc) 

10 

1.6 

1.3 

0.9 

IV0L"  1.6  Vdc) 

15 

3  4 

2  4 

Output  Drive  Current  (CL/CP)  Other  Devices 

lOH 

mAdc 

(V0H  -  4.6  Vdcl 

Source 

5.0 

-0.52 

-0.44 

-0.36 

(VOH  -  9.6  Vdc) 

10 

- 1.3 

-1.1 

-0.9 

(Vqh  '  13.5  Vdc) 

16 

-3.6 

_ 

-3.0 

-2.4 

_ 

(v0l  "  o.4  vdc) 

Sink 

'OL 

5.0 

0.52 

0.44 

0.36 

(Vol  "  o.s  v«fc) 

10 

1.3 

1.1 

OS 

(vol  -  1.6  Vdc) 

16 

3.6 

- 

3.0 

- 

2.4 

- 

Input  Current  (AL  Device) 

•in 

16 

«0.1 

?0.1 

tl.O 

uAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

10.3 

10.3 

tl.O 

fj  Adc 

Input  Capacitance 

Cin 

7.5 

pF 

(Vin-0) 

Gete  Quiescent  Current 

(AL  Device) 

'dd 

5.0 

0.2S 

0.25 

7.5 

MAdc 

(Per  Package) 

10 

0.5 

0.5 

16 

15 

1.0 

1.0 

30 

(CL/CP  device) 

■dd 

5.0 

1.0 

1.0 

7.6 

10 

2.0 

2.0 

15 

15 

4.0 

4.0 

30 
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TABLE  2  -  Continued 


ELECTRICAL  CHARACTERISTICS 


vOD 
Vdc 

Tlo 

w 

2S0C 

Thieh' 

Characteristic 

Symbol 

Min 

Maa 

Mm 

Maa 

Min 

Max 

Unit 

Fiip*Flop  and  Buffer  Quiescent  Currant 

■DD 

5.0 

1.0 

— 

1.0 

— 

30 

ItArJc 

(Per  Package)                tAL  Device) 

10 

2.0 

- 

2.0 

- 

60 

15 

4.0 

4.0 

120 

(CL/CP  Device! 

■OD 

5.0 

4.0 

4.0 

30 

iiAdc 

10 

8.0 

8.0 

60 

IS 

16 

16 

120 

MSI  Quiescent  Current         [AL  Device) 

'DD 

5.0 

S.O 

S.O 

ISO 

uAdc 

(Per  Package) 

10 

10 

10 

300 

IS 

20 

20 

600 

(CL/CP  Devicel 

'DD 

S.O 

20 

20 

160 

itAdc 

10 

40 

40 

300 

IS 

80 

80 

600 

LSI  Quiescent  Current 

'DD 

See  Individual  Data  Sheets. 

*  Tlov»  "  -55°C  for  AL  Device.  -40°C  for  CL/CP  Device. 
Thijh  "  ♦12*°C  for  AL  Device.  ♦8S°C  for  CL/CP  Device. 
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CMOS  Handling  and  Design  Guidelines 
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MOTOROLA 


HANDLING  AND  DESIGN  GUIDELINES 


HANDLING  PRECAUTIONS 

All  MOS  devices  have  insulated  gates  that  are  subject 
to  voltage  breakdown.  The  gate  oxide  for  Motorola  CMOS 
devices  is  about  800  A  thick  and  breaks  down  at  a  gate- 
source  potential  of  about  100  volts.  To  guard  against  such 
a  breakdown  from  static  discharge  or  other  voltage 
transients,  the  protection  network  shown  in  Figure  1  is 
used  on  each  input  to  the  CMOS  device. 

Static  damaged  devices  behave  in  various  ways,  de- 
pending on  the  severity  of  the  damage.  The  most  severely 
damaged  inputs  are  the  easiest  to  detect  because  the  in- 
put has  been  completely  destroyed  and  is  either  shorted 
to  Vqq.  shorted  to  Vs$,  or  open-circuited.  The  effect  is 
that  the  device  no  longer  responds  to  signals  present  at 
the  damaged  input.  Less  severe  cases  are  more  difficult  to 
detect  because  they  show  up  as  intermittent  failures  or  as 
degraded  performance.  Another  effect  of  static  damage  is 
that  the  inputs  generally  have  increased  leakage  currents. 

Although  the  input  protection  network  does  provide  a 
great  deal  of  protection,  CMOS  devices  are  not  immune  to 
large  static  voltage  discharges  that  can  be  generated  dur- 
ing handling.  For  example,  static  voltages  generated  by  a 
person  walking  across  a  waxed  floor  have  been  measured 
in  the  4-15  kV  range  (depending  on  humidity,  surface  con- 
ditions, etc.).  Therefore,  the  following  precautions  should 
be  observed: 

1 .  Do  not  exceed  the  Maximum  Ratings  specified  by  the 
data  sheet. 

2.  All  unused  device  inputs  should  be  connected  to  Vqq 
or  Vss. 

3.  All  low-impedance  equipment  (pulse  generators,  etc.) 
should  be  connected  to  CMOS  inputs  only  alter  the 
device  is  powered  up.  Similarly,  this  type  of  equip- 
ment should  be  disconnected  before  power  is  turned 
olf. 

4.  Circuit  boards  containing  CMOS  devices  are  merely 
extensions  ol  the  devices,  and  the  same  handling  pre- 
cautions apply.  Contacting  edge  connectors  wired  di- 
rectly to  device  inputs  can  cause  damage.  Plastic 
wrapping  should  be  avoided.  When  external  connec- 
tions to  a  PC  board  are  connected  to  an  input  ol  a 
CMOS  device,  a  resistor  should  be  used  in  series  with 
the  input.  This  resistor  helps  limit  accidental  damage 
if  the  PC  board  is  removed  and  brought  into  contact 
with  static  generating  materials.  The  limiting  factor  for 
the  series  resistor  is  the  added  delay.  This  is  caused 
by  the  time  constant  formed  by  the  series  resistor  and 


input  capacitance.  Note  that  the  maximum  input  rise 
and  fall  times  should  not  be  exceeded.  In  Figure  2. 
two  possible  networks  are  shown  using  a  series  resis- 
tor to  reduce  ESD  (Electrostatic  Discharge)  damage. 
For  convenience,  an  equation  for  added  propagation 
delay  and  rise  time  effects  due  to  series  resistance 
size  is  given. 

5.  All  CMOS  devices  should  be  stored  or  transported  in 
materials  that  are  antistatic.  CMOS  devices  must  not 
be  inserted  into  conventional  plastic  "snow", 
styrofoam,  or  plastic  trays,  but  should  be  left  in  their 
original  container  until  ready  for  use. 

6.  All  CMOS  devices  should  be  placed  on  a  grounded 
bench  surface  and  operators  should  ground  them- 
selves prior  to  handling  devices,  since  a  worker  can 
be  statically  charged  with  respect  to  the  bench  sur- 
face. Wrist  straps  in  contact  with  skin  are  strongly  rec- 
ommended. See  Figure  3  for  an  example  of  a  typical 
work  station. 

7.  Nylon  or  other  static  generating  materials  should  not 
come  in  contact  with  CMOS  devices. 

8.  If  automatic  handlers  are  being  used,  high  levels  of 
static  electricity  may  be  generated  by  the  movement 
of  the  device,  the  belts,  or  the  boards.  Reduce  static 
build-up  by  using  ionized  air  blowers  or  room  humidifi- 
ers. All  parts  of  machines  which  come  into  contact 
with  the  top,  bottom,  or  sides  of  IC  packages  must  be 
grounded  to  metal  or  other  conductive  material. 

9.  Cold  chambers  using  C02  lor  cooling  should  be 
equipped  with  baffles,  and  the  CMOS  devices  must 
be  contained  on  or  in  conductive  material. 

10.  When  lead-straightening  or  hand-soldering  is  neces- 
sary, provide  ground  straps  for  the  apparatus  used 
and  be  sure  that  soldering  ties  are  grounded. 

1 1 .  The  following  steps  should  be  observed  during  wave 
solder  operations: 

a.  The  solder  pot  and  conductive  conveyor  system  of 
the  wave  soldering  machine  must  be  grounded  to 
an  earth  ground. 

b.  The  loading  and  unloading  work  benches  should 
have  conductive  tops  which  are  grounded  to  an 
earth  ground. 

c.  Operators  must  comply  with  precautions  pre- 
viously explained. 

d.  Completed  assemblies  should  be  placed  in 
antistatic  containers  prior  to  being  moved  to  sub- 
sequent stations. 


FIGURE  1  —  INPUT  PROTECTION  NETWORK 
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12.  The  following  steps  should  be  observed  during 
board-cleaning  operations: 

a.  Vapor  degreasers  and  baskets  must  be 
grounded  to  an  earth  ground. 

b.  Brush  or  spray  cleaning  should  not  be  used. 

c.  Assemblies  should  be  placed  into  the  vapor 
degreaser  immediately  upon  removal  from  the 
antistatic  container. 

d.  Cleaned  assemblies  should  be  placed  in 
antistatic  containers  immediately  after  removal 
from  the  cleaning  basket. 

e.  High  velocity  air  movement  or  application  of 
solvents  and  coatings  should  be  employed  only 
when  assembled  printed  circuit  boards  are 
grounded  and  a  static  eliminator  is  directed  at 
the  board. 

The  use  of  static  detection  meters  for  production 
line  surveillance  Is  highly  recommended. 
Equipment  specifications  should  alert  users  to  the 
presence  of  CMOS  devices  and  require  familiariza- 
tion with  this  specification  prior  to  performing  any 
kind  of  maintenance  or  replacement  of  devices  or 
modules. 


13, 


14. 


15.  Do  not  insert  or  remove  CMOS  devices  from  test 
sockets  with  power  applied.  Check  all  power  supplies 
to  be  used  for  testing  devices  to  be  certain  there  are 
no  voltage  transients  present. 

16.  Double  check  test  equipment  setup  for  proper  polarity 
of  Vqd  and  VSS  before  conducting  parametric  or 
functional  testing. 

17.  Do  not  recycle  shipping  rails  or  trays.  Repeated  use 
causes  deterioration  of  their  antistatic  coating. 


RECOMMENDED  FOR  READING: 

"Total  Control  ol  the  Static  in  Your  Business" 


Available  by  writing  to: 

3M  Company 

Static  Control  Systems 

P.O.  Box  2963 

Austin,  Texas  76769-2963 
Or  by  Calling: 

1-800-328-1368 


FIGURE  Z  —  NETWORKS  FOR  MINIMIZING  ESO 
AND  REDUCING  CMOS  LATCH  UP  SUSCEPTIBILITY 


To  Olf-Board 
Connection 


R2 


Ad  vantage: 
Disadvantage: 


Requires  minimal  board  area 


CMOS 
Input 


Output 


Rl  >  R2  lor  tho  same  level  ol 
protection,  thorelore  rise  and  fall 
times,  propagation  delays,  and  output 

drives  are  severely  affected.  Disadvantage: 

Note:  These  networks  are  useful  for  protecting  the  following 

A   digital  inputs  and  outputs  C   3-state  outputs 

B   analog  inputs  and  outputs  D   bidirectional  (I/O)  ports 


Advantage:   R2  <  R1  for  tho  same  -=r  Vgs 
tovel  of  protection. 
Impact  on  ac  and  dc 
characteristics  is  minimized 


More  board  area,  higher  initial  cost 


PROPAGATION  DELAY  AND  RISE  TIME 
vs.  SERIES  RESISTANCE 
t 

R  -   

where:  C*k 

R  =  the  maximum  allowablo  series  resistance  in  ohms 

t   =  the  maximum  tolerable  propagation  detay  or  rise  time  in  seconds 

C  =  the  board  capacitance  plus  tho  driven  device's 

input  capacitance  in  farads 
k  =  0.7  for  propagation  delay  calculations 
k  =  2.3  for  rise  time  calculations 


FIGURE  3  —  TYPICAL  MANUFACTURING  WORK  STATION 


1.  1/16  inch  conductivo  sheet  stock  covering  bench 
top  work  area. 

2.  Ground  strap. 

3.  Wrist  strap  rn  contact  with  skin. 

4.  Sialic  noutralizer.  (Ionized  air  blower  directed  at 
work.)  Primarily  tor  use  in  areas  where  direct 
grounding  is  impractical. 

5.  Room  humidifier.  Primarily  tor  use  in  areas  where 
the  relative  humidity  is  less  than  45%  Caution: 
building  heating  and  cooling  systems  usually  dry 
the  air  causing  the  relative  humidity  insido  ol  build- 
ings to  be  loss  than  outside  humidity 
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POWER  SUPPLIES 

CMOS  devices  have  low  power  requirements  and  the 
ability  to  operate  over  a  wide  range  ot  supply  voltages. 
These  two  characteristics  allow  CMOS  designs  to  be  im- 
plemented using  inexpensive,  conventional  power  sup- 
plies, instead  of  switching  power  supplies  and  power 
supplies  with  cooling  fans.  In  addition,  batteries  may  be 
used  as  either  a  primary  power  source  or  tor  emergency 
backup. 

The  absolute  maximum  power  supply  voltage  for  1 4000 
Series  Metal-gate  CMOS  is  18.0  Vdc.  Figure  4  offers 
some  insight  as  to  how  this  specification  was  derived.  In 
the  figure,  Vs  is  the  maximum  power  supply  voltage  and 
Is  is  the  sustaining  current  of  the  latch-up  mode.  The 
value  of  V$  was  chosen  so  that  the  secondary  breakdown 
effect  may  be  avoided. 

In  an  ideal  system  design,  a  power  supply  should  be 
designed  to  deliver  only  enough  current  to  insure  proper 
operation  of  all  devices.  The  obvious  benefit  of  this  type 
design  is  cost  savings;  an  added  benefit  is  protection 


against  the  possibility  of  latch-up  related  failures.  This 
system  protection  can  be  provided  by  the  power  supply 
filter  and/or  voltage  regulator. 

CMOS  devices  can  be  used  with  battery  or  battery 
backup  systems.  A  few  precautions  should  be  taken  when 
designing  battery-operated  systems: 

1.  The  recommended  power  supply  voltage  should  be 
observed.  For  battery  backup  systems  such  as  the 
one  in  Figure  5,  the  battery  voltage  must  be  at  least 
3.7  Volts  (3  Volts  from  the  minimum  power  supply 
voltage  and  0.7  Volts  to  account  for  the  voltage  drop 
across  the  series  diode). 

2.  Inputs  that  might  go  above  the  battery  backup  voltage 
should  either  use  a  series  resistor  to  limit  the  input 
current  to  less  than  10  mA  or  use  the  MC14049UB  or 
MC14050B  high-to-low  voltage  translators. 

3.  Outputs  that  are  subject  to  voltage  levels  above  VqD 
or  below  V§s  should  be  protected  with  a  series  resis- 
tor to  limit  the  current  to  less  than  10  mA  or  with 
clamping  diodes. 


FIGURE  S  —  BATTERY  BACKUP  INTERFACE 


Line  Power  Only 

System  i 


CMOS 
System 


i 


MC14049UB 
MC140S0B 


1_. 


Power  Supply 

t 


Battery  Backup 
System 


MC14049UB 
-^-MC14050B 


Battory  Backup  ' 
/Recharge  | 


CMOS 
System 


I 


_l  L 


.J 
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INPUTS 

All  inputs,  while  in  the  recommended  operating  range 
(Vss  <  vin  <  Vqd)  can  be  modeled  as  shown  in  Figure  6. 
For  input  voltages  in  this  range,  diodes  D1  and  D2  are 
modeled  as  resistors,  representing  the  reverse  bias  im- 
pedance of  the  diodes.  The  maximum  input  current  is 
worst  case,  1  (iA,  when  the  inputs  are  at  Vqd  or  Vss.  and 
Vqd  =  15  0  V-  Tn's  model  does  not  apply  to  inputs  with 
pull-up  or  pull-down  resistors. 


FIGURE  6  —  INPUT  MODEL  FOR  Vss  «  Vln  «,  VDD 


VD0 


For  input  voltages  outside  of  the  recommended  operat- 
ing range,  the  CMOS  input  is  modeled  as  in  Figure  9.  The 
resistor-diode  protection  network  allows  the  user  greater 
freedom  when  designing  a  worst  case  system.  The  device 
inputs  are  guaranteed  to  withstand  voltages  from  Vss  ~ 
0.5  V  to  Vqd  +  0.5  V  and  a  maximum  current  of  10  mA. 
With  the  above  input  ratings,  most  designs  will  require  no 
special  terminations  or  design  considerations. 


FIGURE  9  —  INPUT  MODEL  FOR  Vln  >  VDD  or  Vln  <  Vss 


4 

 i — Wsr- 


^D2  ~  -  7.5  pF 


When  left  open-circuited,  the  inputs  may  self-bias  at  or 
near  the  typical  switchpoint,  where  both  the  P-channel 
and  N-channel  transistors  are  conducting,  causing  exces- 
sive current  drain.  Due  to  the  high  gain  of  the  inverters 
(see  Figure  7),  the  device  may  also  go  into  oscillation  from 
any  noise  in  the  system.  Since  CMOS  devices  dissipate 
the  most  power  during  switching,  this  oscillation  can 
cause  very  large  current  drain  and  undesired  switching. 

FIGURE  7  —  TYPICAL  TRANSFER  CHARACTERISTICS 
FOR  BUFFERED  DEVICES 

V0D  =  5.0  Vde 


3.0 
20 
1.0 


Single  Inpul  NANO.  AND 
MuUipIo  Input  NOR.  OR 

Jt 

Single  Inpul  NOR.  OR 
Multiple  Input  NANO.  ANO 

/ 

2.0       3.0      4.0  5.0 

Vin  INPUT  VOLTAGE  (V) 


For  these  reasons,  all  unused  inputs  should  be  con- 
nected either  to  Vqd  or  Vss.  For  applications  with  inputs 
going  to  edge  connectors,  a  100  kilohm  resistor  to  Vss 
should  be  used,  as  well  as  a  series  resistor  for  static  pro- 
tection and  current  limiting  (Figure  8).  The  100  kilohm  re- 
sistor will  help  eliminate  any  static  charges  that  might 
develop  on  the  printed  circuit  board.  See  Figure  2  for 
other  possible  protection  arrangements. 


Other  specifications  that  should  be  noted  are  the  maxi- 
mum input  rise  and  fall  times.  Figure  10  shows  the  oscilla- 
tions that  may  result  from  exceeding  the  15  us  maximum 
rise  and  fall  time  at  Vqq  =  5.0  V,  5  us  at 
10  V,  or  4  (is  at  15  V.  As  the  voltage  passes  through  the 
switching  threshold  region  with  a  slow  rise  time,  any  noise 
that  is  on  the  input  is  amplified,  and  passed  through  to  the 
output,  causing  oscillations.  The  oscillation  may  have  a 
low  enough  frequency  to  cause  succeeding  stages  to 
switch,  giving  unexpected  results.  If  input  rise  or  fall  times 
are  expected  to  exceed  15  us  at  5.0  V,  5  |is  at  10  V,  or  4 
lis  at  15  V,  Schmitt-trigger  devices  such  as  the 
MC14093B.  MC14583B.  MC14584B.  MC14106B,  HC14,  or 
HC132  are  recommended  lor  squaring-up  these  slow 
transitions. 


FIGURE  10  —  MAXIMUM  RISE  ANO  FALL  TIME  VIOLATIONS 
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FIGURE  B  —  EXTERNAL  PROTECTION 
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OUTPUTS 

All  CMOS  B-Series  outputs  are  buttered  to  Insure  con- 
sistent output  voltage  and  current  performance.  All 
buffered  outputs  have  guaranteed  output  voltages  of  Vol 
=  0.05  V  and  Voh  =  Vqd-0-05  V  for  Vjn  =  Vqd  or 
Vss  and  'out  =  0  u.A.  The  output  drives  for  all  buffered 
CMOS  devices  are  such  that  1  LSTTL  load  can  be  driven 
across  the  full  temperature  range. 

CMOS  outputs  are  limited  to  externally  forced  output 
voltages  of  Vss  -  0-5  Vs  V0U(  s  Vqd  +  0.5  V.  When 
voltages  are  forced  outside  of  this  range,  a  silicon  con- 
trolled rectifier  (SCR)  formed  by  parasitic  transistors  can 
be  triggered,  causing  the  device  to  latch  up.  For  more  in- 
formation on  this,  see  the  explanation  of  CMOS  Latch  Up 
in  this  section. 

The  maximum  rated  output  current  for  most  outputs  is 
10  mA.  The  output  short-circuit  currents  of  these  devices 
typically  exceed  these  limits.  Care  must  be  taken  not  to 
exceed  the  maximum  ratings  found  on  every  data  sheet. 

For  applications  that  require  driving  high  capacitive 
loads  where  fast  propagation  delays  are  needed  (e.g., 
driving  power  MOSFETs),  two  or  more  outputs  on  the 
same  chip  may  be  externally  paralleled. 

CMOS  LATCH  UP 

Latch  up  will  not  be  a  problem  for  most  designs,  but  the 
designer  should  be  aware  of  it,  what  causes  it,  and  how  to 
prevent  it. 

Figure  11  shows  the  cross-section  of  a  typical  CMOS 
inverter  and  Figure  1 2  shows  the  parasitic  bipolar  devices. 
The  circuit  formed  by  the  parasitic  transistors  and  resis- 
tors is  the  basic  configuration  of  a  silicon  controlled  recti- 
fier, or  SCR.  In  the  latch  up  condition,  transistors  Q1  and 
Q2  are  turned  ON,  each  providing  the  base  current  neces- 
sary for  the  other  to  remain  in  saturation,  thereby  latching 


the  devices  in  the  ON  state.  Unlike  a  conventional  SCR, 
where  the  device  is  turned  ON  by  applying  a  voltage  to  the 
base  of  the  NPN  transistor,  the  parasitic  SCR  is  turned  ON 
by  applying  a  voltage  to  the  emitter  of  either  transistor. 
The  two  emitters  that  trigger  the  SCR  are  the  same  point, 
the  CMOS  output.  Therefore,  to  latch  up  the  CMOS  de- 
vice, the  output  voltage  must  be  greater  than  Vqd  +  0-5 
V  or  less  than  Vss  ~  0  5  v  and  nave  sufficient  current  to 
trigger  the  SCR.  The  latch-up  mechanism  is  similar  for  the 
inputs. 

Once  a  CMOS  device  is  latched  up,  if  the  supply  current 
is  not  limited,  the  device  will  be  destroyed.  Ways  to  pre- 
vent such  occurrences  are  listed  below: 

1 .  Insure  that  inputs  and  outputs  are  limited  to  the  maxi- 
mum rated  values,  as  follows: 

-0.5  V  s  Vjn  or  Vout  =s  Vqd  +  0.5  V  (referenced  to 
VSS) 

I'in  or  l0utl  *  10  mA  (unless  otherwise  indicated  on 
the  data  sheet) 

2.  If  voltage  transients  of  sufficient  energy  to  latch  up 
the  device  are  expected  on  the  inputs  or  outputs,  ex- 
ternal protection  diodes  can  be  used  to  clamp  the 
voltage.  Another  method  of  protection  is  to  use  a  se- 
ries resistor  to  limit  the  expected  worst  case  current  to 
the  maximum  rating  of  10  mA.  (See  Figure  2). 

3.  Sequence  power  supplies  so  that  the  inputs  or  out- 
puts of  CMOS  devices  are  not  active  before  the  sup- 
ply pins  are  powered  up  (e.g.,  recessed  edge 
connectors  and/or  series  resistors  may  be  used  In 
plug-in  board  applications). 

4.  Voltage  regulating  or  filtering  should  be  used  in  board 
design  and  layout  to  insure  that  power-supply  lines 
are  free  of  excessive  noise. 

5.  Limit  the  available  power  supply  current  to  the  de- 
vices that  are  subject  to  latch-up  conditions.  This  can 
be  accomplished  with  the  power  supply  filtering  net- 
work or  with  a  current-limiting  regulator. 


FIGURE  11  —  CMOS  WAFER  CROSS  SECTION 
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FIGURE  12  —  LATCH  UP  CIRCUIT  SCHEMATIC 
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MOTOROLA 


DUAL  3-INPUT  "NOR"  GATE  PLUS  INVERTER 

The  MC14000UB  dual  3  input  NOR  gate  plus  inverter  is  con- 
structed with  MOS  P-channel  and  N  channel  enhancement  mode 
devices  in  a  single  monolithic  structure.  These  complementary  MOS 
logic  gates  find  primary  use  where  low  power  dissipation  and/or 
high  noise  immunity  is  desired. 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Logic  Swing  Independent  of  Fanoul 

•  PinforPin  Replacement  for  CD4000UB 


MAXIMUM  RATINGS*  (voltages  Helorencod  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0  5  to  -  18  0 

V 

V,n.  Vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-O  S  to  Vqq  +0.5 

V 

'in''  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±  10 

mA 

pD 

Power  Dissipation,  per  Package* 

500 

mW 

Tsto 

Storago  Tomporature 

-65  to  f  150 

■c 

'I 

Lead  Temperature  (B-Second  Soldering) 

260 

■c 

"Maximum  Ratings  are  thoso  values  beyond  which  damage  to  the  device  may  occur 
tTomporalure  Derating:  Plastic  "P"  Package   -  12mW/"C  Irom  65"C  to  B5'C 

Ceramic  "L"  Package  -  12mW/*C  trom  100'C  to  125*C 


CIRCUIT  SCHEMATIC 
1*  11  II  13 


'n 

J 


1 


■-] 


■- 


ZT—J 


Jgj  Ltej  U:=j 


7  G 


0 

10 


MC14000UB 


CMOS  SSI 

(LOW  POWER  COMPLEMENTARY  MOSI 

DUAL  3-INPUT  "NOR"  GATE 
PLUS  INVERTER 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  632 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  646 


ORDERING  INFORMATION 

A  Series:-5S*C  to  +  125*C 

MC14XXXUBAL  (Ceramic  Package  Only) 

CSorios:  -40'Cto  +0S*C 

MC14XXXUBCP  (Plastic  Package) 
MC I4XXXUBCL  (Coramic  Package) 


LOGIC  DIAGRAM 


P|A  14 

Pin  7 


PIN  ASSIGNMENT 

NC 

vDO 

 1  14 

NC 

In  3B 

=1  13 

3  C= 

in  1A 

In  2B 

=1  12 

In  aA 

in  1B 

3  It 

'"'a 

Oulg 

=J  10 

OJtft 

°U,C 

=i  a 

7  E= 

vSs 

In  1c 

=>  a 

NC 

-  NO  CONNECTION 
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MC14000UB 


ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


Characteristic 

Symbol 

VDD 

Tlow' 

25'C 

Tm 

b!l  

Unit 

Vdc 

Min 

Max 

Mln 

Max 

Mln 

Typ# 

Max 

Output  Voltage                   "0"  Level 

5.0 

0  05 

q 

0.05 

0.05 

vin  =  Vdd  or  0 

vol 

10 

0.05 

z 

0 

0.05 

- 

0.05 

Vdc 

15 

_ 

0.05 

_ 

0 

0.05 

— 

0.05 

"I"  Level 

5.0 

4.95 

4  95 

50 

4.95 

— 

Vin  =  0otVdd 

voh 

10 

9  95 

10 

9.95 

— 

Vdc 

15 

14.95 



14.95 

15 



14.95 

— 

Input  Voltage                     "0"  Level 

(Vo  =  4.5  Vdc) 

Vii 

5.0 

1.0 

225 

— 

1.0 

Vdc 

(Vo  =  9.0  Vdc) 

VIL 

10 

2.0 

4.50 

20 

— 

2.0 

(Vo  =  13-5  Vdc) 

15 

6  75 

2.5 

— 

2.5 

■■1"  Level 

(Vo  =  0.5  Vdc) 

Viu 

5.0 

4.0 

4.0 

2.75 

4.0 

— 

Vdc 

(Vo  =  1.0  Vdc) 

"In 

10 

8  0 

5.50 

8.0 

— 

(Vo  =  1.5  Vdc) 

15 

12.5 



12.5 

8.25 



12.5 

— 

Output  Drive  Current  (AL  Device) 

(Voh  -  2.5  Vdc)  Source 

5.0 

— 1.2 

—  t.O 

-0.7 

— 

(Voh  =  4.6  Vdc) 

'OH 

5.0 

-0.25 

-0.2 

—  0.36 

-0.14 

— 

mAdc 

(VOH  =  9.5  Vdc) 

10 

z 

-0  5 

-  0.9 

-0.35 

— 

(Voh  =  13  5  vdc) 

15 

-1.8 

-1.5 

-3.5 



-1.1 

— 

(Vol  -  0.4  Vdc)  Sink 

5.0 

~'o64 

051 

068 

0.36 

— 

(vol  =  0.5  vdc) 

fOL 

10 

1  6 

1  3 

2.25 

0.9 

— 

mAdc 

(Vol  =  i  s  vdc) 

15 

4.2 



3.4 

8.8 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

(Voh  =  2-5  Vdc)  Source 

5.0 

-1.0 

- 

-0.8 

-1.7 

-0.6 

— 

fV«-tu  —  A  R  \Jtir\ 
i»oh  VOCJ 

5.0 

-0.2 

— 

-0.16 

-0.36 

-0.12 

mAdc 

(Voh  =  9-s  vdc) 

10 

-0.5 

-  0.4 

—  0.9 

-0.3 

— 

(VOH  =  13  5  Vdc) 

15 

- 1.4 

-  1.2 

-3.5 

-1.0 

— 

(Vol  =  0.4  Vdc)  Sink 

5.0 

0.52 

0.44 

0.88 

0.36 

(Vol  =  0.5  Vdc) 

lOL 

10 

1.3 

1.1 

2.25 

0.9 

— 

mAdc 

(Vol  -  i  s  vdc) 

15 

3.6 

3.0 

8.8 

2.4 

— 

Input  Current  (AL  Device) 

tin 

15 

£0.1 

— 

*  0  0O001 

"01 

_ 

1 1.0 

fiAdc 

Hipifl  KMtnffll  \\sU\sr  UOVTCSf 

rin 

— 

♦0.3 

*  0.00001 

±0.3 

♦  1.0 

uAdc 

Input  Capacitance 

— 

_ 

_ 

5.0 

7.5 

— 

— 

pF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

'DO 

5.0 

0.25 

0.0005 

0.25 

— 

7.5 

MAdc 

(Per  Package) 

10 

0.5 

0.0010 

0.5 

15 

15 

1.0 

0.0015 

1.0 

30 

Quiescent  Current  (CL/CP  Device) 

'DD 

5.0 

1.0 

0.0005 

1.0 

7.5 

pAdc 

(Per  Package) 

10 

2.0 

0.0010 

2.0 

15 

15 

4.0 

0.0015 

4.0 

30 

Total  Supply  Current"! 

it 

5.0 

IT  =  (0.3  (lAAHz)  1  +  IdcvN 

MAdc 

(Dynamic  plus  Quiescent 

10 

IT  =  (0.6  jiA/kHz)  1  +  Idq/N 

Per  Gate,  Cl  =  50  pF) 

15 

IT  -  (0.8 

fiA/VHz)!  4 

IDD"" 

'Tlow  -  -55*C  for  AL  Device.  -40X  (or  CL/CP  Device. 
Thigh  =  + 125*^  tor  AL  Device,  +  B5*C  for  CUCP  Device. 

#Data  labelled  "Typ"  is  not  to  be  used  for  design  purposes  but  is 
intended  as  an  indication  of  the  tC's  potential  performance. 

"The  formulas  given  are  for  the  typical  characteristics  only  at  25*C. 


tTo  calculate  total  supply  current  at  toads  other  than  50  pF: 

lT(CO  =  lT<50pF)  +  (CL  -50)Vfk 

where:  Ij  Is  in  *iH  (per  package).  Cl  in  pF.V  -  (Vqd  -  V$s)  in  volts. 
I  in  kHz  is  input  frequency,  and  k  =  0.001  *  the  number  of  exorcised 
gates  per  package. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- Imped- 
ance circuit.  For  proper  operation,  V|n  and  V0U|  should  be  constrained  to  the  range  Vgs  *  (vln  or  V0U()  «;  Vqq. 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vgg  or  Vqo)-  Unused  outputs  must  be 
(eft  open. 
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MC14000UB 


SWITCHING  CHARACTERISTICS'  ICL  ■  50  pF.  TA  •  25°CI 


Characteristic 

Symbol 

"DD 
Vdc 

Min 

Typ# 

Max 

Unit 

Output  Rise  Time 

'TLH  "  *3-0  ns/pF)  C|_  +  30  ns 
tfLH  *  (1-5  ns/pF)  C|_  +  15  ns 
'TLH  "        w/pF)  Cl  +  10  ns 

TLH 

5.0 
10 
15 

180 
80 
65 

360 
180 
130 

ns 

Output  Fall  Time 

'THL  -  (,  s  ns/pFI  C|_  +  25  ns 
<THL  "  '°-75  ni/pFI  C|_  ♦  12.5  ns 
'THL  "  ,0-55  ns/pF)  C|_  ♦  9.5  ns 

•thl 

5.0 
10 
IS 

100 
50 
40 

200 
100 
80 

ns 

Propagation  Delay  Time 

•PLH,  'PHL  "  fl.7  ns/pFI  C|_  +  30  ns 
•PLH.  'PHL  "  '0-66  ns/pFI  C|_  *  22  ns 
•PLH.  'PHL  "  '°-50  n»/PFI  Ci,  +  15  ns 

•PLH. 
•PHL 

5.0 
10 
IS 

115 

55 
40 

230 
110 
80 

ns 

'The  formulas  glvon  are  for  the  typical  characteristics  only  at  25'C. 


#Oata  labelled  "Typ"  is  not  to  bo  used  for  doslgn  purposes  but  is 
Intended  as  an  indication  of  the  tC's  potential  performance. 


FIGURE  1  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


Pulte 
Generator 


'THL  'TLH 


FIGURE  2  -  TYPICAL  VOLTAGE  AND  CURRENT  FIGURE  3  -  TYPICAL  VOLTAGE  TRANSFER 

TRANSFER  CHARACTERISTICS  CHARACTERISTICS  versus  TEMPERATURE 


Vm.  INPUT  VOLTAGE  (Vrtcl  V,„.  INPUT  VOLTAGE  (Vot) 
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MOTOROLA 


B-SUFFIX  SERIES  CMOS  GATES 


The  B  Series  logic  gates  are  constructed  with  P  and  N  channel  en- 
hancement mode  devices  in  a  single  monolithic  structure  (Comple- 
mentary MOS).  Their  primary  use  is  where  low  power  dissipation 
and/or  high  noise  immunity  is  desired. 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  All  Outputs  Buffered 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Scholfky  TTL  Load  Over  the  Rated  Temperature  Range. 

•  Double  Diode  Protection  on  All  Inputs 

•  Pin  for  Pin  Replacements  for  Corresponding  CD4000  Series  B 
Suffix  Devices 


L  SUFFIX 

10 

P  SUFFIX 

C.I«AMIC  PACKAGE 

PLASTIC  PACKAGE 

CASt  63!                ORDERING  INFORMATION 

CASt  fi«6 

»S<"B  -SS-CIO 

MCmxxxBal  id.ni.c  Pac«ao<>  My] 

C  Series  -JO'Cto  -»05"C 

MC14XXXBCP  IPlMtie  Packng.) 

MCMXXXBCl  ICDiiiM  Package) 

MAXIMUM  RATINGS*  (Voltages  Referenced  to  vss| 


Symbol 

Parameter 

Velue 

Unit 

VDD 

DC  Supply  Voltage 

-  0  5  to  *  1 8  0 

V 

V,n-  VquI 

Input  or  Output  Voltage  (DC  or  Transient) 

-  0  5  to  Vqd  +05 

V 

'in-  'out 

Inpul  or  Output  Current  (DC  or  Transient),  per  Pin 

I  10 

mA 

Pd 

Power  Dissipation,  per  Packagef 

500 

mW 

Storage  Temperature 

-65  to  -  150 

'C 

'i 

Lead  Temperature  (8-Second  Soldering) 

260 

•C 

'Maximum  Ratings  arc  those  values  beyond  which  damage  lo  the  dovice  may  occur 
tTemperaturc  Derating    Plastic  "P   Package   -  12mW/°C  Iron-  65"C  to  85*C 

Ceramic  "L"  Package   -I2mw/*C  irom  100"C  to  125*C 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to 
high  static  voltages  or  electric  fields.  However,  precautions  must  be 
taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For  proper  operation.  Vjn  and 
V0U[  should  be  constrained  to  the  range  Vss  **  (Vin  or  Vout)  «;  Vqd- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level 
(e.g..  either  V55  or  Vqq).  Unused  outputs  must  be  left  open. 


MC140Q1B 

Quad  2-lnput  NOR  Gate 

MC140Q2B 

Dual  4-lnput  Nor  Gate 

MC14011B 

Quad  2-lnput  NAND  Gate 

MC14012B 

Dual  4-lnput  NAND  Gate 

MC14023B 

Triple  3-lnput  NAND  Gate 

MC14025B 

Triple  3-lnput  NOR  Gate 

MC14068B 

B-lnput  NAND  Gate 

MC14071B 

Quad  2-lnput  OR  Gate 

MC14072B 

Dual  4-lnput  OR  Gate 

MC14073B 

Triple  3-lnput  AND  Gate 

MC14075B 

Triple  3-lnput  OR  Gate 

MC14078B 

8-lnput  NOR  Gate 

MC14081B 

Quad  2-lnput  AND  Gate 

MC14082B 

Dual  4-lnput  AND  Gate 


CMOS  SSI 

ILOW-POWER  COMPLEMENTARY  MOSI 

B -SERIES  GATES 
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CMOS  B-SERIES  GATES 


LOGIC  DIAGRAMS 


MC14001B 
Quad  2-lnput  NOR  Gata 


MC1402SB 
Triplt  3-lnput  NOR  Gala 


So- 


MC14002B 
Oual  4-lnput  NOR  Gata 


MC14078B 
8-lnput  NOR  Gata 


7- 
3- 
4- 
5- 
9- 
10. 


MC14011B 
Quad  2  Input  NANO  Gata 


MC14023B 
Tripla  3  Input  NANO  Gata 


3D" 


MC14012B 
Oual  4  Input  NANO  Gata 


MC14068B 
8  Input  NANO  Gata 


1- 
3- 

4  - 

5  - 
9- 

10. 

11  - 

12  - 


MC14071B 
Quad  2-lnput  OR  Gala 


MC1407SB 
Tripta  3-lnput  OR  Gate 


So- 


MC 140726 
Oual  4  Input  OR  Gata 


MCI 4081 B 
Quad  2-lnput  AND  Gats 


MC14073B 
Tripla  3  Input  AND  Gata 

Bo- 


MC14032B 
Oual  4-lnput  AND  Gata 


9- 
10- 
11  - 
13- 


VSS  ■  Pin  7 
for  All  Oavicas 
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CMOS  B-SERIES  GATES 


PIN  ASSIGNMENTS 


MCI 4001 B  MC14002B  MC14011B  MC14012B 

Quad  2-lnput  NOR  Gate       Dual  4-lnput  NOR  Gate       Quad  2-lnput  NAND  Gate        Dual  4-lnput  NAND  Gate 


■  w 

 V-T 

■\J  

1^1  

1  cz 

In  1A 

V00 

rz)  14 

1  czz 

OutA 

v0o 

=  14 

in  1A 

vOO 

— i  14 

1  c= 

OutA 

voo 

— ■  14 

in  2A 

In  2o 

=313 

2C 

in  1A 

Outg 

=  13 

in  2A 

In  2D 

— 1 13 

2  C= 

In  1A 

Outg 

=3  I3 

3  = 

OutA 

In  1D 

=312 

3  C= 

In  2A 

In  4B 

=312 

3  1= 

OulA 

In  lD 

=312 

3C= 

in  2A 

In  4B 

=3  12 

4C 

Outg 

Outg 

=311 

4C 

ln3A 

In  3B 

=111 

Outg 

OutD 

=111 

4C= 

in  3A 

In  3B 

—ill 

IC 

In  1B 

Outc 

=3  10 

s  c= 

ln4A 

In  2B 

=910 

In  1B 

Out^ 

=3  10 

S  = 

In  4A 

In  2B 

=3  10 

ln2B 

In  2C 

=19 

6  1= 

NC 

In  1B 

=3  9 

ln2B 

In  2C 

=19 

6C 

NC 

In  1B 

=39 

7=: 

vss 

In  1C 

=18 

7  C= 

vss 

NC 

=38 

vss 

In  1C 

=18 

7  c=r 

vSs 

NC 

=38 

MC14023B  MC14025B 
Triple  3-lnput  NAND  Gate    Triple  3-lnput  NOR  Gate 


MC14068B 
8-lnput  NAND  Gate 


MC14071B 
Quad  2-lnput  OR  Gate 


MC14072B  MC14073B  MC14075B  MC14078B 

Dual  4-lnput  OR  Gate       Triple  3-lnput  AND  Gate        Triple  3-tnput  OR  Gate  8-lnput  NOR  Gate 


■\J  

-u  

1  c= 

OutA 

v0o 

=3  1* 

in  1A 

voo 

— i  14 

in  1A 

VDD 

14 

NC 

voo 

14 

2  c= 

in  1A 

OutB 

=313 

in  2A 

'n  3C 

=3  '3 

ln2A 

In  3C 

13 

2  C= 

In  1 

Out 

13 

3  C= 

ln2A 

In  4B 

=312 

3  i=: 

In  1B 

ln2c 

=3  12 

in  1B 

In  2C 

12 

3  <= 

In  2 

In  8 

=3 

12 

4  C= 

ln3A 

In  3B 

=311 

4  C= 

in  2B 

In  1C 

=3  11 

In  2B 

In  lc 

1 1 

4C= 

In  3 

In  7 

1 1 

5  C= 

in  4A 

In  2B 

=310 

5C= 

In  3B 

Outc 

=3  10 

SC= 

In  3B 

Outc 

10 

5  C= 

In  4 

In  6 

10 

6  C= 

NC 

In  1B 

=)9 

6  C= 

OutB 

Ou<A 

=1  9 

OulB 

OulA 

9 

6== 

NC 

In  5 

9 

7  C= 

vss 

NC 

=38 

7  CZ 

vSs 

ln3A 

=18 

VSS 

ln3A 

8 

7  C= 

VSS 

NC 

8 

MC14081B 
Quad  2-lnput  AND  Gate 


MC14082B 
Dual  4-lnput  AND  Gate 


-<J  

W 

i  =: 

in  1A 

voo 

=3  14 

1  c= 

OutA 

vDO 

— i  14 

2  c= 

in  2A 

m  2D 

=3  13 

2  C= 

in  1A 

OutB 

=313 

3C= 

OutA 

In  1D 

=3  12 

3  C= 

In  2A 

In  4B 

=312 

4C= 

OutB 

OutD 

=3  11 

4  (= 

ln3A 

In  3B 

=3  11 

sc= 

in  1B 

Outc 

=3  10 

5  C= 

in  4A 

In  2B 

=3  10 

6<= 

In  2B 

In  2C 

=39 

6  C= 

NC 

In  1B 

=39 

7CZ 

vSs 

In  1c 

=3  8 

7  C= 

vSs 

NC 

=>8 

NC  =  No  Connection 
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CMOS  B-SERIES  GATES 


ELECTRICAL  CHARACTERISTICS  (Voitogos  Reioroncoo  io  vss) 


VDD 

Tlim' 

2S°C 

Th 

9t>" 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ  « 

Max 

Min 

Max 

Unit 

Output  Voltage                  "  Level 

 —  

V0L 

*o 

- 

0  05 

— 

0 

oos 

0  05 

Vdc 

vin  "  Vqo  or  0 

- 

0  05 

- 

0 

0  05 

0  05 

15 

- 

0  05 

— 

0 

0  OS 

0  05 

"1 "  Level 

V0H 

5  0 

4  95 

- 

4  95 

50 

- 

4  95 

~ 

Vdc 

Vin  -  0  or  VD0 

9  95 

- 

9  95 

10 

- 

9  95 

15 

14  95 

- 

1495 

15 

- 

14.95 

Input  Voltage                    "0"  Level 

VIL 

Vdc 

(Vq  =  4.5  or  0.5  Vdcl 

5  0 

- 

1  5 

- 

2  25 

1  5 

~~ 

1  5 

|Vq  =  9.0  or  1 .0  Vdcl 

10 

- 

3  0 

- 

4  50 

3  0 

~ 

3  0 

IVq  -  1  J.b  or  l .b  vac) 

15 

— 

4  0 

- 

6  75 

4  0 

4.0 

\/... 
VIH 

IV.  -  n  k  nr  i  c  Vrirl 
ivq  —  v. a  u'  *♦  - vui.1 

5  0 

3  5 

— 

3  5 

2  75 

— 

3  5 

Vdc 

<V0  =  1 .0  or  9.0  Vdcl 

10 

7  0 

— 

7  0 

5  50 

7  0 

IVQ  =  1.S  or  13.5  Vdcl 

15 

1 )  0 

1 1  0 

8  25 

1 1.0 

Output  Drive  Current  (AL  Oevice) 

 ;  

'OH 

—  

m  dc 

(V/-\i  i  =  25  Vdr)  ^ninr* 

5  0 

-3  0 

— 

-2  4 

-4  2 

- 

IV«, ,  -  4  ft  Vrlrl 

l*QU                "*.U      V  Ul*  ? 

0  64 

— 

-0.51 

-088 

0.36 

IV0H  =  9.5  Vdcl 

10 

—1 .3 

-2.25 

-0  9 

IV0H  =  13.5  Vdc) 

15 

-  4  2 

—3.4 

-8.8 

2  4 

z 

IVq|_  =  0.4  Vdc)  Sink 

'OL 

5  0 

0  64 

0.51 

0  88 

0  36 

mAdc 

(V0L  =  0.5  Vdc) 

10 

1  6 

1  3 

2  25 

0  9 

(V0L  =1.5  Vdcl 

15 

4  2 

3  4 

88 

2.4 

_ 

Output  Drive  Current  ICL/CP  Devicel 

!0H 

mAdc 

(V0H  =  2.5  Vdcl  Source 

50 

-2.5 

-2.1 

-4.2 

-17 

_ 

(V0H  =  4.6  Vdcl 

50 

-0  52 

-0  44 

-0  88 

-036 

- 

(VQH  =  9.5  Vdcl 

10 

-13 

-1  1 

-2  25 

-09 

- 

(V0H  =  1  3.5  Vdc) 

15 

-3  6 



-3.0 

-8  8 



-2  4 

- 

(V0L  =  0.4  Vdc)  Sink 

'OL 

SO 

0  52 

0  44 

0  88 

036 

- 

mAdc 

(VQL  =  0.5  Vdcl 

10 

1  3 

_ 

11 

2  25 



09 

— 

IVOL  =1.5  Vdcl 

15 

36 

3  0 

88 

_ 

2  4 

— 

Inpul  Cunent  IAL  Device) 

',n 

15 

iO.I 

•-  0  00001 

1.0  1 

— 

il.O 

uAdc 

Inpul  Cuuenl  ICL/CP  Devicel 

l.n 

15 

i0.3 

:  0  00001 

:03 

i  1.0 

MAdc 

Input  C.ipiicitance 

C,n 

_ 

50 

7.5 

pF 

IV,„  =  OP 

Ouiesceni  Cuuenl  IAL  Device) 

'do 

5.0 

025 

0.0005 

0.25 

7.5 

uAdc 

IPei  P.itkaiiel 

10 

050 

0.0010 

050 

15.0 

15 

1.00 

0.0015 

1.00 

30.0 

Ouiescem  Cuuenl  (Cl  'CP  Oevice) 

'DD 

5.0 

1.0 

0.0005 

10 

7.5 

uAdc 

(Pei  P.tck.vie) 

10 

2  0 

0.0010 

2  0 

15.0 

15 

4.0 

0.0015 

4.0 

30.0 

Total  Supply  Cunenr  "1 

'T 

5.0 

lj  -  l0.3uA/kHi)  1  ♦  lQD'N 

uArtc 

(0vn«niic  plus  Quiescent. 

10 

lT  =  l0  6uA/kHil  1  ♦  Idd'n 

Per  Gale.  C(_  =  50  pF) 

15 

lT  =  (0.9|iA/kHi)  |  ♦  l00/N 

*Tlow  *  ~  55"C  ,or  AL  Device  -  40*C  lor  CL/CP  Devico 
Thigh  "  ♦  1 25"c  ,or  AL  Dovico.  +  BS*C  lor  CL/CP  Device 

#Oaia  labelled  "Typ"  is  not  10  bo  usod  for  dosign  purposes  but  is 
intended  as  an  indication  of  the  IC's  poioniial  performance. 

"Tho  lormuias  given  are  for  tho  typical  characteristics  only  at  25*C. 


fTo  calculate  total  supply  current  at  loads  othor  than  50  pF 

lT(CL)  =  lT(50pF)  +  (CL  -50)Vfk 

wtiere:  \j  is  in  jjlA  (per  package).  C[_  in  pF.  v  -  (Vrj[)-Vgs)  in  volts, 
f  m  kHz  is  input  frequency,  and  k  -  O  001  x  me  number  of  exorcised 
gales  per  package. 
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CMOS  B-SERIES  GATES 

B-SERIES  GATE  SWITCHING  TIMES 


SWITCHING  CHARACTERISTICS'  (CL  =  50  pF.  TA  =  25  CI 


Vdd 

Characteristic 

Symbol 

Vdc 

Mm 

Typ  # 

Ma> 

Unit 

Output  Rise  Time,  Atl  B-Series  Gates 

'TLH 

ns 

TLH  =  (1.35  ns/pF)  CL  ♦  33  ns 

5.0 

— 

100 

200 

'TLH  =  (0.60  ns/pFl  Ci.  *  20  ns 

10 

— 

50 

100 

TLH  =  (0.40  ns/pFI  C|_  *  20  ns 

15 

— 

40 

80 

Output  Fall  Time  All  B-Series  Gates 

'THL 

ns 

«THL  =  |t  35  ns/pF)  C|_  +  33  ns 

5.0 

too 

200 

«THL  =  (0.60  ns/pFr  CL  ♦  20  ns 

10 

50 

too 

THL  -  TO  40  ns/pF]  CL  *  20  ns 

15 

- 

40 

80 

Propagation  Delay  Time 

'PLH. 'PHL 

ns 

MC14001B.  MC14011B  only 

«PLH.  'PHL  =  10-90  ns/pF)  C|_  t-  80  ns 

5.0 

125 

250 

'PLH.  «PHL  "  10  36  ns/pFI  C|_  +  32  ns 

10 

50 

100 

'PLH.  'PHL  =  <0-26  ns/pF)  CL  +  27  ns 

15 

40 

80 

All  Other  2,  3,  and  4  Input  Gates 

<PLH.<PHL  "  (0.90ns/pF)C|.  +  115  ns 

5.0 

160 

300 

•PLH.  'PHL  "  10-36  ns/pFi  C(_  *  47  ns 

10 

65 

130 

'PLH.  'PHL  "  10-26  ns/pFI  C|_  »  37  ns 

15 

50 

100 

8  Input  Gates  (MC14068B.  MC14078BI 

'PLH-  'PHL  *  (0  S0ns/pFI  C|_  +  155  ns 

50 

200 

350 

'PLH.  'PHL  *  10  36  ns/pFI  C|_  +  62  ns 

10 

80 

150 

'PLH.  'PHL  "  ,0-26  ns/pF|  C|_  ♦  47  ns 

15 

60 

110 

*The  formulas  given  are  for  ihe  typical  characteristics  only  at  25*C. 


#Data  labelled  "Typ"  is  not  to  be  used  for  design  purposes  bul  id 
intended  as  an  Indication  of  ihe  IC's  potential  performance. 

FIGURE  T  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


Puiic 
Generator 


Input 
 O  


70V 


VSS 

"AM  unuted  input,  of  AND.  NANO  gatei  mutt  b« 
connected  to  Vqq. 

All  unuttd  inputs  of  OR.  NOR  Q*i*s  mutt  be 
connected  to  Vgg. 


I 


"  jr-90% 

f—  50% 

 #  — 10* 

"THL 


90% 
50% 


Output 
Non  Inverting 


r^-tpLH 

zrimZ — V°L 

  'TLH  . 

lh — I  ■  ■  I  I  mm  I  tPHL 

tf-96%     y\  "OH 

"«  /  —  50%  \ 

■»a — f-io%  ^VoL 

'TLH  -"-J   (-«-         -m~i  r-»tTHL 
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CMOS  B-SERIES  GATES 


CIRCUIT  SCHEMATIC 
NOR.  OR  Gates 


MC14001B 
MC14071B 
One  off  Four 
Gttts  Shown 


2.5.9.120- 


4 


=4 


□^3— 13-3.4.,0.„ 


Mnvortttf  Omitted  in  MC 14001 B 


VOD 


MC14002B 
MCI 407 2B 
One  of  Two 
vDO  Gates  Shown 


2.10  o— (— — p 


VSS 
Vqd 


MC1402SB 
MC14075B 
One  of  Three 
Getei  Shown 


~>-a  9,6,10 


IT 


vSs 

"Inverter  Omitted  in  MC140258 


5.11©— T 
4.120  1_ 


Sam*  at 
above  ' 


*  Inverter  Omitted  in  MC14002B 


,=r 


u4 


3- 


MC14078B 
Eight  Input 
Gata 


5» 
9» 

lOo- 
11* 


Sams  it 
above 


Sama  as 
above 

Sama  at 
above 


14  0V00 
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CMOS  B-SERIES  GATES 


CIRCUIT  SCHEMATICS 
NAND.  AND  Gates 


MC14011B 
MC14081B 
On*  of  Four 
Gata  Shown 


_  ^    >*|V00 


v00 


MC14023B 
MC14073B 
Onaof  Thrao 
Gata  Shown 


2,5,9,12  o- 


1 ,6.8,13o- 


U5 
DIL-- 


U5  IS 


■llwvHf  Omlttad  In  MC1401  IB 


vss. 

VOD 


'DD  I — 


vss 


 14  8  1 

SOT 


7  °  \ 


'Imiw  Oniltiu  in  MC14023B 


MC 140128 
MC140828 
Ono  of  Two 
Gates  Shown 


la 


V0D 


nsfirf 


MC14068B 
Eight  Input 
Gate 


vss' 


4,12  « 
G,11« 


Sam  a  at 
abov 


vss 


5  °~~  Sama  at  J  Ji 
4  « 


VD0 

J 


□ 


-Invar  Mr  Omittad  tor  MC14012B 


9 
10 
lit 
12 1 


3 


Swi*  «• 
•bow 


vss 

VDO 


14oV0o 


Vss 


a 


?»Vss 


"Vss 


14PV00 


'Vss 
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CMOS  B-SERIES  GATES 


TYPICAL  B-SERIES  GATE  CHARACTERISTICS 


N -CHANNEL  DRAIN  CURRENT 
(SINK) 


P-CHANNEL  DRAIN  CURRENT 
(SOURCE) 


FIGURE  2  -  Vqs  -  5.0  Vdc 


FIGURE  3  -  VGS  *  "5  0  Vdc 


lA  ■  -SS'C 

-«rc 

u 

♦85'C| 

♦1 

*'C 

10  2.0  JO  4  0 

Vos.  ORAIN  TO  SOURCE  VOLTAGE  IVocI 


1.0  -2.0  -1.0  -4.0 

VQS.  DRAIN  TO  SOURCE  VOLTAGE  (Vdc) 


FIGURE  4  -  Vqs  -  10  Vdc 


FIGURE  S  -  Vos  -  -10  Vdc 


70 
18 

16 

< 

14 

Z 

u> 

12 

cc 

CE 

a 

10 

o 

2 

8.0 

< 

CE 

O 

6.0 

a 

4.0 

2.0 

0 

TA- 

-SS'C 

-40TC 

•>I5-C 

•S5'C 

♦IH-C 

1.0     20     30     4  0     5.0      6.0     10     8  0  9.0 
VQS.  ORAIN  TO  SOURCE  VOLTAGE  (Vdcl 


2.0    -1.0    -4.0    -SO    -6.0    -7.0    -SO    -9.0  -to 
Vos.  ORAIN  TO  SOURCE  VOLTAGE  (Vdc) 


FIGURE  6  -  Vqs  -  IS  Vdc 


FIGURE  7  -  Vqs  •  -IS  Vdc 


A--! 

5'C 

-4 

0*C 

I 

— ♦: 

vc— 

— «8 

•c 

♦1 

S*C 

2.0     4.0     6-0     «.0      10      12      14  II 
VQS.  0RAINT0-SOURCE  VOLTAGE  (Vdc) 


-100 
-90 
-BO 
-70 
-40 
-SO 
-40 
-30 

i 

-20 
-10 
0 


TA- 

-5S*C 

:-4o*c 

»25'CI  

4.0    -&Q    -8.0    -10    -12    -H    -18     -IB  -20 
Vds.0RA1N-T0«0URCE  VOLTAGE  (V(k) 


These  typical  curves  are  not  guarantees,  but  are  design  aids. 
Caution:  The  maximum  rating  for  output  current  is  10  mA  per  pin. 
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CMOS  B-SERIES  GATES 


> 

< 

so 

o 

> 

i 

4.0 

s 

3.0 

o 

i 

2.0 

> 

1.0 

TYPICAL  B-SERIES  GATE  CHARACTERISTICS  (cont'd) 
VOLTAGE  TRANSFER  CHARACTERISTICS 
FIGURE  B  -  Voo  *  s-0  Vdc  FIGURE  9  -  VDO  -  10  Vdc 


Sinjlt  Input  NAND.  AND 
Mullipll  Input  NOn.OR 

Sinik  Input  NOR.  OR 
Multiplt  Input  NANO.  AK0 

S  io 

>  8.0 
»- 

|  8.0 
e 

i 40 

2.0 


2.0       3.0       4.0  5.0 
V,„,  INPUT  VOLTAGE  (Vdcl 


Singlt  Inpsl  NAND,  AND 
Kullipj.  Input  NOR.  OR 

Sinai.  Input  NOR.  OR 
Mull.pt.  Input  NANO.  AND 

4.0       6.0       SO  10 
Vi„.  INPUT  VOLTAGE  (Vdc) 


FIGURE  10  -  Voo  *  15  Vdc 


10 
14 

I  » 

s  io 

r— 

>  8.0 

|  10 
o 

i  *  j> 

2.0 
0 


Sin 

3t«  Input 

1ANO.AI 

0  

Muftipli  Input  NOR.  OR 
■Til- 

Singlu  Input  NOR,  OR 

M 

Ultipl*  Ifip 

ut  NAND 

AND 

4.0       6.0       8.0        tO  12 
Vin.  INPUT  VOLTAGE  (Vdc) 


DC  NOISE  MARGIN 

The  DC  noise  margin  is  defined  as  the  input 
voltage  range  from  an  ideal  "1 "  or  "O"  input  level 
which  does  not  produce  output  state  change(s). 
The  typical  and  guaranteed  limit  values  of  the  in- 
put values  V||_  and  V(h  for  the  output(s)  to  be  at 
a  fixed  voltage  Vq  are  given  in  the  Electrical 
Characteristics  table.  Vjl  and  V[h  are  presented 
graphically  in  Figure  11. 

Guaranteed  minimum  noise  margins  for  both 
the  "1"  and  "0"  levels  = 

1.0  V  with  a  5.0  V  supply 
2.0  V  with  a  10.0  V  supply 
2.5  V  with  a  15.0  V  supply 


M  Inverting  Function 


FIGURE  11  -  DC  NOISE  IMMUNITY 

<b)  Non-lnwcing  Function 


V8S  -  O  volts  dc 
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CMOS  UB-SERIES  GATES 


MC1401 1UB  CIRCUIT  SCHEMATIC 
11/4  of  Onlca  Shown) 


MVoo 


-|dnJ 

1—1       |~t     0  3,4,10,1) 


2.5.9. 12  O- 


J 


i 

7VSS 


MC14012UB  CIRCUIT  SCHEMATIC 
(1/2  of  0*>ic*  Shown) 


HVoo 


r 

P 

P 

 I 

7Vss 


MC14023UB  CIRCUIT  SCHEMATIC 
(1/3  of  Doric*  Shown) 


n 


5. 1.11  *■ 


4.  2. 12*1 
3. 8. 13  o- 


ns  n 


14Voo 

3 


! 


MC1402SUB  CIRCUIT  SCHEMATIC 
(1/3  of  Dmico  Shown) 


14Voo 


FIGURE  2  -  TYPICAL  VOLTAGE  AND 
CURRENT  TRANSFER  CHARACTERISTICS 


FIGURE  3  -  TYPICAL  VOLTAGE 
TRANSFER  CHARACTERISTICS  vomit 
TEMPERATURE 


2.4, 12  o- 


'3 

'3- 

I  O 

J3 

7Vss 


0    2.0  4.0  6.0  6  0  10    12   14  16 
Vm.  INPUT  VOLTAGE  (Vdc) 


0    2.0  4.0  6.0  9.0   10   12  14  16 
Vm.  INPUT  VOLTAGE  (Vdc) 
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CMOS  B-SERIES  GATES 


CIRCUIT  SCHEMATICS 
NAND,  AND  Gate j 


MC14011B 
MC14081B 
Ona  of  Four 
Gates  Shown 


VDD 


MC14023B 
MC14073B 
On*  of  Thrao 
Otta  Shown 


2.5.9,12  o- 


1.63.13  o- 


•Vss 


■Invortir  OmltHd  in  MC14011B 


1.3.11  o- 


14  o 

vSs  "vss 


140VD0 


■Invartar  Omlnad  in  MC14023B 


V00 


MC14012B 
MC14082B 
One  of  Two 
Gates  Shown 


MC1406SB 
Eight  Input 
Gate 


14»V0D 


4.12  0 
S.110 


Sam*  *» 
abov* 


vss 


90 
lOo 

11o 
12  0 


Sam*  at 
tbovo  - 


VDO 


S«fTM«S 
•bOv* 


vss 
voo 

A 


•lnv«rt»r  OmiiltKl  for  MC14012B 


S«m«  m  _| 


5 


14oV0D 


u=Lq 

vss 


7»Vss 
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CMOS  BSERIES  GATES 


TYPICAL  B-SERIES  GATE  CHARACTERISTICS 


N-CHANNEL  DRAIN  CURRENT 
(SINK! 


P-CHANNEL  DRAIN  CURRENT 
(SOURCE) 


FIGURE  2  -  Vqs  -  5.0  Vdc 


FIGURE  3  -  VqS  '  -5.0  Vdc 


Ta--55'C 

-4ITC 

♦8S*C  | 

♦1 

c 

i 

10  2  0  3  0  4.0 

VQS.  CHAIN  TO  SOURCE  VOLTAGE  IVdcl 


1.0  -2.0  -3.0  -4.0 

Vqs.  DRAIN  TO  SOURCE  VOLTAGE  IVdcl 


FIGURE  4  -  VQS  -  10  Vdc 


FIGURE  6  -  VGS  -  -10  Vdc 


70 

18 

16 

< 

E 

14 

i— 

z 

)2 

s 

a 
3 

10 

o 

X 

80 

< 

o 

6.0 

a 

4.0 

2.0 

Ta- 

-SS'C 

-4trc 

*2S°C 

— 1 — : 

* 

♦85'C 

•  US'C 

2.0.    3  0     4  0      SO      60      10      8.0  9.0 

vqs.  drain  to  source  voltage  ivdci 


-2.0    -3.0   -4.0    -5.0    -6.0    -7.0    -8.0  -9.0 
Vqs.  DRAIN  TO  SOURCE  VOLTAGE  IVdcl 


FIGURE  6  -  Vgs  -  IB  Vdc 


FIGURE  7  -  Vqs  •  -IS  Vdc 


A--! 

5-C 

-4<rc 

•c 

♦125'C 

2.0     4.0     6.0     BO      10      12  14 

Vqs.  DRAIN  TO  SOURCE  VOLTAGE  IVdcl 


-2.0    -4.0    -8.0    -8.0    -10    -12    -14  -18 
VQS.  0RAINT0«0URCE  VOLTAGE  IVlcl 


Theso  Typical  curves  are  not  guarantees,  but  are  design  aids. 
Caution:  The  maximum  rating  lor  output  current  is  10  mA  per  pin. 
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MOTOROLA 


UB-SUFFIX  SERIES  CMOS  GATES 

The  UB  Series  logic  gates  are  constructed  with  P  and  N  channel 
enhancement  mode  devices  in  a  single  monolithic  structure  (Com- 
plementary MOS).  Their  primary  use  is  where  low  power  dissipation 
and/or  high  noise  immunity  is  desired.  The  U8  set  of  CMOS  gates 
are  inverting  non-buffered  functions. 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Linear  and  Oscillator  Applications 

•  Capable  ol  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range. 

•  Double  Diode  Protection  on  All  Inputs 

•  Pin-for-Pin  Replacements  for  Corresponding  CD4000 

Series  UB  Suffix  Devices 


LOGIC  DIAGRAMS 

MC14001UB 
Quad  2  Input  NOR  Gala 

i  [>-« 

MC14002UB 
Dual  4-lnput  NOR  Gata 

9  1 

12  1 

MC14011UB 
Quad  2  Input  NAND  Gate 

:=D- 

:=o- 
::[>» 

MC14012UB 
Dual  4  Input  NAND  Gate 

ti-i~P  f  ™ 

12  1 

MC14023UB 
Triple  3  Input  NANO  Gate 

Bo- 

MC14025UB 
Triple  3-lnput  NOR  Gata 

1 1  — |  

12 — — 10 

VDD  -  Pin  14 
VSS  -  Pin  7 
for  All  Devices 

MC14001UB 

Quad  2-lnput  NOR  Gate 

MC14002UB 

Dual  4-lnput  NOR  Gate 

MC14011UB 

Quad  2-lnput  NAND  Gate 

MC14012UB 

Dual  4-lnput  NAND  Gate 

MC14023UB 

Triple  3-lnput  NAND  Gate 

MC14025UB 

Triple  3-lnput  NOR  Gate 


CMOS  SSI 

ILOYV-POWE  R  COMPLEMENTARY  MOSI 


UB-SERIES  GATES 


L  SUFFIX  P5UFFIX 
CE  ft  a  Ml  C  PACKAGfc         PLASTIC  PACKAGE 
CASE  63?  CASE  6*6 

ORDERING  INFDHHATJON 

A  Sir'uri  -55"Clo  \  125"C 

MC14XXXUBAL  {Ccramtr:  i M.  k Age  On  ■. 

CSdiibi  -40-Clo  +es*c 

MCUXXXUElCP  (PlflBl.C  POCkBQBt 

MC14XXXUBCL  (Cernm.c  P,ick,igel 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  eleclric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  V|n  and  Voui  should  be 
constrained  to  the  range  Vss  *  (Vjn  or 
Vout)  <  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  eilher  Vgg 
or  Vrjrj).  Unused  outputs  must  be  left  open. 
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CMOS  B  SERIES  GATES 


<  5.0 
e 

;  4.1 
s 


TYPICAL  B-SERIES  GATE  CHARACTERISTICS  (cont'd) 
VOLTAGE  TRANSFER  CHARACTERISTICS 
FIGURE  B  -  Vod  *  6-0  Vdc  'FIGURE  9  -  VD0  -  10  Vdc 


Stnglf  Input  NANO.  ANO 
Muttiplt  Inpul  NOR.  OR 

Stngli  Input  NOR.  OR 
Multiple  Input  NANO.  AND 

/ 

20       1.0       4.0  50 
V,„.  INPUT  VOLTAGE  (Vdc) 


S  10 
>  8.0 

s 

I  6.0 
o 

3  4.0 

>° 

2.0 
0 


Smglt  Input  HAND.  AND 
Mutttpte  Input  NOR,  00 

Sinjlt  Input  NOR,  OR 
Uulliptt  Input  NANO,  AND 

4.0       6.0       8.0  10 
Vjn,  INPUT  VOLTAGE  (Vdc) 


FIGURE  TO  -  Vqq  •  15  Vdc 


Sin 

lit  Input 

IAND.AIi 

0 

UuttipK  Input  NOR,  OR 
4  11- 

Singfc  Input  NOR,  OR 

M 

altip!tln| 

ut  HAND 

AND 

4.0        6.0        8.0  10 
Vm,  INPUT  VOLTAGE  <V<W 


DC  NOISE  MARGIN 

The  DC  rtoiso  margin  is  defined  as  the  input 
voltage  range  from  an  Ideal  "1"  or  "O"  input  level 
which  does  nol  produce  output  state  change(s). 
The  typical  and  guaranteed  limit  values  of  the  in- 
put values  V(|_  and  V(n  for  the  oulput(s)  to  be  at 
a  fixed  voltage  Vq  are  given  in  the  Electrical 
Characteristics  table.  Vjl  and  Vjh  are  presented 
graphically  in  Figure  1 1 . 

Guaranteed  minimum  noise  margins  for  both 
the  "1"  and  "O"  levels  « 

1.0  V  with  a  5.0  V  supply 
2.0  V  wilh  a  10.0  V  supply 
2.5  V  with  a  15.0  V  supply 


FIGURE  11  -  DC  NOISE  IMMUNITY 


(•I  Inverting  Function 
Vout  Vqq 


(b)  Non-lnvarting  Function 
vout  VDD 


Vftg  -  O  volt*  dc 
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CMOS  UB-SERIES  GATES 


PIN  ASSIGNMENTS 


MCI 4001 UB  MC14002UB  MC14011UB 

Quad  2-lnput  NOR  Gate  Dual  4-lnput  NOR  Gate  Quad  2-lnput  NAND  Gate 


—   ■  \j 

 \J- 

-  \J 

in  1A 

V0D 

zz:  14 

1  CZ 

OutA 

VD0 

— i  14 

1  C= 

ln1A 

— ,  14 

2  C= 

ln2A 

In  2D 

=  13 

2e= 

in  1A 

OutB 

=313 

2  1= 

ln2A 

In  2D 

=313 

3  = 

OutA 

In  1D 

=  12 

3  C= 

In  2A 

In  4B 

=312 

3  t= 

OutA 

In  1D 

=312 

4= 

OutB 

Outo 

=311 

4  C= 

ln3A 

In  3B 

=311 

41= 

OutB 

Outo 

=3  11 

6C= 

In  18 

Outc 

=3  10 

scz 

ln4A 

In  2B 

=310 

51= 

In  1B 

Outc 

=3  10 

6C= 

ln2B 

In  2C 

=39 

6  1= 

NC 

In  1B 

=39 

61= 

ln2B 

In  2C 

=39 

7f= 

vSs 

In  1C 

=38 

7  C= 

vss 

NC 

=38 

7  =: 

VSS 

In  1C 

=38 

MC14012UB 
Dual  4-lnput  NAND  Gate 


MC14023UB 
Triple  3-lnput  NAND  Gate 


MC14026UB 
Triple  3-lnput  NOR  Gate 


 <J~ 

Voo 

=3 

i  cz: 

ln1A 

Voo 

— i  14 

In3c 

— i  13 

2r= 

ln2A 

In  3C 

=3  13 

In2c 

=3  12 

3C= 

In  1B 

ln2c 

=3  12 

In  1C 

=311 

4C 

ln2B 

In  1C 

=3  11 

Ou»c 

=3  10 

5C= 

In  3B 

Outc 

=3  10 

OutA 

=39 

6  = 

OutB 

OutA 

=39 

ln3A 

Z38 

7  C3 

VSS 

ln3A 

=3  8 

NC  =  No  Connection 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vgs) 


Symbol 

Parameter 

Value 

Unit 

vdo 

DC  Supply  Vottage 

-0  5  to  +18.0 

V 

Vin-  Vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.S  to  VDD  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±10 

mA 

Po 

Power  Dissipation,  per  Packaget 

500 

mW 

1sta 

Storage  Temperature 

-65  to  +150 

•C 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
t Temperature  Derating:  Plastic  "P"  Package:  -  12mW/*C  Irom  65*C  to  85*C 

Ceramic  "L"  Package  -  12mW/"C  trom  100*C  to  125"C 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


Symbol 

vdd 

Tlow" 

25*C 

Thl 

Unit 

Characteristic 

Vdc 

Mln 

Max 

Mln 

Typ  « 

Max 

Mln 

Max 

_       . .  . 

vAItpUl  VOIlSQ©                            0  L6V6I 

50 

— 

0.05 

— 

0 

0.05 

0.05 

Vin  =  Vnn  or  0 

Vni 

10 

0.05 

0 

0.05 

0.05 

Vdc 

15 

0.05 

0 

0.05 



0.05 

"1"  Level 

5-0 

4.95 

— 

4.95 

5.0 

— 

4  95 

vtn  ■  u™  VDD 

vOH 

9.95 

— 

9.95 

10 

— 

0 

15 

14.95 

14.95 

15 

14.95 

input  vunuyo                               u  Level 

A/^  —  AC,  \fiir-\ 
l*Q  —  VUCJ 

V|L 

5  0 

— 

1.0 

— 

2.25 

1.0 

n 

Vdc 

(Vn  —  Oft  \Mr*1 

— 

2.0 

— 

4.50 

2.0 

2.0 

(VQ  —    U.3  VQCJ 



— 

2.5 

— 

6.75 

2.5 

"1"  Level 

— —  

(VQ  —  U.D  VQCJ 

VlH 

5.0 

4.0 

— 

4.0 

2.75 

— 

4.0 

Vdc 

(VQ  —  l.U  VOCJ 

10 

8.0 

— 

6.0 

5.50 

— 

(Vg  *=  1 .5  VdC) 

15 

12.5 

12.5 

8.25 

12.5 

Output  Drivo  Current  {AL  Device) 

\"0H  ~       vocj  oource 

jj'U 

-1.2 

— 

-1.0 

-1.7 

— 

/Wau  —  A  R  Udrl 

\"0H  —  vacj 

'OH 

-0.25 

— 

-0.2 

-0.36 

— 

n  14 

dc 

tvOH  —  "ocj 

10 

-0.62 

— 

-0.5 

-0.9 

— 

0  35 

(VOH  =  13  5  VdC) 

15 

- 1.8 

- 1.5 

-3.5 

- 1.1 

IVQL  —  U.*t  VOCj  CNnK 

5.0 

0.64 

— 

0.51 

0.88 

— 

0.36 

\WQL       U.D  VOCJ 

K)L 

1.6 

— 

1.3 

2.25 

— 

0 

15 

2.4 

Output  Drivo  Current  (CL/CP  Device) 

(Voh  =  2.S  Vdc)  Source 

5.0 

-1.0 

-0.8 

-1.7 

-0.6 

— 

(VOH  =  4  .6  Vdc) 

k3H 

5.0 

-0.2 

_ 

-0.16 

-0.36 

— 

-0.12 

— 

mAdc 

(Voh  =  9-5  vdc) 

10 

-0.5 

-0.4 

-0.9 

- 

-0.3 

— 

(VQH  -  '  3-5  Vdc) 

15 

-1.4 

-1.2 

-3.5 

— 

— 1.0 

(VOL  ™  0.4  Vdc)  Sink 

5.0 

0.52 



0.44 

0.88 

0.36 

(Vol  =  0.5  vdc) 

lOL 

10 

1.3 

— 

1.1 

2.25 

0.9 

mAdc 

(vol  vccj 

15 

36 

— 

3.0 

8.8 

Input  Current  (AL  Devico) 

■in 

15 

±0.1 

_ 

±0.00001 

±0.1 

±1.0 

pAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

±0.3 

±0.00001 

±0.3 

— 

±1.0 

MAdc 

Input  Capacitance 

Qn 



5.0 

7.5 

_ 



PF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

'dd 

5.0 

0.25 

0.0005 

0.25 

7.5 

nAdc 

(Per  Package) 

10 

0.5 

0.0010 

0.5 

15 

15 

1.0 

0.0015 

1.0 

30 

Quiescent  Current  (CL/CP  Device) 

<DD 

5.0 

1.0 

0.0005 

1.0 

7.5 

fxAdc 

(Per  Package) 

10 

2.0 

0.0010 

2.0 

15 

15 

4.0 

0.0015 

4.0 

30 

Total  Supply  Current"t 

It 

5.0 

It  -  (0.3  nMHz)  1  ■( 

IDC^N 

*iAdc 

(Dynamic  plus  Quiescent, 

10 

tj  =  (0.6  mAAHz)  1  4 

iDiyN 

Per  Gate.  Cl  =  50  pF) 

15 

lj  =  (0.8  iiA/kHz)  1  ■( 

*T(ow  -  -  55*C  tor  AL  Device,  -40*C  lor  CL/CP  Dovtco. 
Thigh  "  +  125°C  for  AL  Device.  +85°C  for  CL/CP  Device. 

#Data  labelled  "Typ"  is  not  to  be  used  (or  design  purposes  but  is 
intended  as  an  indication  of  the  IC's  potential  performance. 

"The  formulas  given  are  tor  the  typical  characteristics  only  at  25*C. 

fTo  calculate  total  supply  current  el  loads  other  than  50  pF: 

lT(C0  -  l-r<50pF)  +  (CL  -50)Vfk 

where:  ty  is  in  *tH  (per  package),  CL  in  pF.  V  =  (Vqd  -  VSS> in  vo[ts- 
f  in  kHz  is  input  frequency,  and  k  *»  0.001  x  the  number  of  exercised 
gates  per  package. 
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SWITCHING  CHARACTERISTICS*  (CL  -  60  pF,  TA  -  26°CI 


V0D 

Characteristic 

Symbol 

Vdc 

Min 

Typ# 

Mn 

Unit 

Output  Rile  Time 

TLH 

ns 

tTLH  "  <3.0  m/pFI  C|_  +  30  n» 

S.0 

- 

180 

360 

tTLH  •  <1-5  m/pFI  CL  +  IS  ni 

10 

90 

ISO 

tTLH-<Mn»/pF)  CL+10ns 

15 

66 

130 

Output  Fall  Time 

«THL 

ns 

«THL  "  <'-6  ns/pF)  C|_  +  2S  ns 

5.0 

100 

200 

«THL  "  (0.7B  ns/pF)  CL  +  12.5  ns 

10 

50 

100 

tjHL  "  <0-65  m/pF)  CL  +  9.6  ni 

16 

40 

SO 

Propagation  Detay  Time  . 

«PLH.«PHL 

ns 

*PLH-  tPHL  *  "  -7  "«/PFI  C|_  +  30  ns 

6.0 

90 

ISO 

'PLH.  'PHL  "  '0*6  ni/pFI  C|_  +  22  ns 

10 

SO 

100 

tpLH.  tPHL  "  10  50  ns/pFI  Cl  +  IS  ns 

16 

40 

80 

*Tho  formulas  given  &to  for  the  typical  charactorlstics  only  at  2S*C. 


#Oata  labollod  "Typ"  Is  not  to  bo  usad  for  design  purposes  but  Is 
tntsndod  as  an  indication  of  tho  IC's  potontlal  performance. 


FIGURE  1  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


Pulse 
Generator 


"DO 


Input 

— o — 


*A(I  unused  Inputs  of  ANO.  NAND  gates  rhust  be 
connected  to  Vqq. 

AM  unused  inputs  of  OR.  NOR  getet  mutt  be 
connected  to  Vgg, 


Output 

o 


Output 
Inverting 


"   °° 

— *\-  iox       Fk  ov 

HL-e»J       h*  l-»-'PLH 


H       H*         -»»l  (-""'PLH 

— W^sox        I*  voh 


'THL 


*TLH 


MC14001UB  CIRCUIT  SCHEMATIC 


3 


-on 
-on 


MC14002UB  CIRCUIT  SCHEMATIC 
(1/2  of  Device  Shown) 


y 


5S 


i. 
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MCMtTMUB  CIRCUIT  SCHEMATIC 
11/4  of  Owlc*  Shown) 


uvdd 


n 


2, 5, 9. 12  o- 


1 


MC14012UB  CIRCUIT  SCHEMATIC 
11/2  of  Owlet  Shownl 


i*Voo 


rd  rJ 


1 


MC14023UB  CIRCUIT  SCHEMATIC 
(1/3  of  Dwic*  Shownl 


MVoo 


n 


5. 1. 1lo- 


4. 2. 120- 
3, 8. 13  o- 


11 1  3 069 


MC14025UB  CIRCUIT  SCHEMATIC 
(1/3  of  Ooleo  Shown) 


HVoo 


FIGURE  2  -  TYPICAL  VOLTAGE  AND 
CURRENT  TRANSFER  CHARACTERISTICS 


FIGURE  3  -  TYPICAL  VOLTAGE 
TRANSFER  CHARACTERISTICS 
TEMPERATURE 


2,  4,  12  » 


7j   14  T?»J — I  Unuwd  Inpul 

S  12  M-N  — Vss- 


V00  -  15  Vdc  TA  -  +25-C 


0    2.0  4.0  6.0  3.0  10    12  14  16 
Vjn.  INPUT  VOLTAGE  (Vdc) 


0    2.0  4.0  8.0  8.0   10   12  14  18 
VB.  INPUT  VOLTAGE  (Vdc) 
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MC14002B 


MC14002UB 
See  Page 


18-BIT  STATIC  SHIFT  REGISTER 

The  MC14006B  shift  register  is  comprised  of  four  separate  shift 
register  sections  sharing  a  common  clock:  two  sections  have  four 
stages,  and  two  sections  have  five  stages  with  an  output  tap  on  both 
the  fourth  and  fifth  stages.  This  makes  it  possible  to  obtain  a  shift 
register  of  4,  5,  8,  9,  10,  12,  13,  14.  16,  17,  or  18  bits  by  appropri- 
ate selection  of  inputs  and  outputs.  This  part  is  particularly  useful  in 
serial  shift  registers  and  time  delay  circuits. 

•  Output  Transitions  Occur  on  the  Falling  Edge  of  the  Clock  Pulse 

•  Fully  Static  Operation 

•  Can  be  Cascaded  to  Provide  Longer  Shift  Register  Lengths 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  ol  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Scholtky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin  for-Pin  Replacement  for  CD4006B 


MC14006B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOS! 

18-BIT  STATIC  SHIFT  REGISTER 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  vss| 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltaye 

0  5  to  -  18  0 

V 

Input  or  Output  Voltage  (DC  or  Transient) 

-  0  5  to  V0D  •  0  5 

V 

'in  'out 

Input  or  Output  Current  (DC  or  transient)   per  Pin 

-  10 

mA 

PD 

Power  Dissipation,  per  Packagd 

500 

mW 

'sto. 

Storage  Temperature 

-  65  10  -  150 

'C 

1 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

L  SUFFIX 
CERAMIC  PACKAGE 
CASE  632 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  646 


ORDERING  INFORMATION 

A  SenOS    -  55'C  to  *  125'C 

MCUXXXBAL  (Ceramic  Package  Only) 

C  Sones  --ICC  lo  •  85*C 

MOdXXXBCP  (PiashC  Package) 
MC 14XXX8CL  (Ccaoiic  Package) 


'Vaximum  Haimgs  are  mose  values  beyond  which  damage  to  ine  device  may  occu 
T  lemrjeralurc  Derating    Plastic    P    Package      12mW      from  65"C  to  65'C 

Ceramic    L    Package       l2mW  'C  irom  100'C  !o  125'C 


TRUTH  TABLE 
ISingU  S1*Q«I 


0n 


QnO 


VDD      P.n  V4 
VSS       P,n  7 
NC         P.n  2 


,3  4  „ 

IMQ      p  °PS 


3H> 


Si»9«i 

He 


□ 

4 


BLOCK  DIAGRAM 

I  12 
Q9  p 


DH14  Q17p 


r—  c 


LOGIC  DIAGRAM 
(ONE  REGISTER  STAGEI 


(CI 


#in>»n«r  uMd  nnty  an  Ihalrrit  fMaj«n.fl 
■m  lau'  ftftga  ilamml 


2 

(CI 


Inutri  to  output  11 

(Al   A  Diffirtctioul  ko*v  imptdinci  wMn  control  mpul  i  ii  'lowh 

■no  tontrol  inout  J  <■  -huh" 
IB)  An  outfl  Clttull  *h«n  control  Inpu.  1  •>  "hiBh"  .u  control 

«»«  1  H  ">•"•" 
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ELECTRICAL  CHARACTERISTICS  (Votiages  Referenced  lo  vss) 


V00 

T|« 

m' 

25°C 

Thigh' 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Vollsgo                u  Level 

vOL 

5  0 

0.05 

- 

0 

0.05 

- 

0.05 

Vdc 

vtn  ~  VDD  0'  0 

10 

- 

0 

0.05 

- 

0.05 

J5 

0  05 

- 

0 

0.05 

- 

0.05 

"1  Level 

vOH 

5.0 

4.95 

4.95 

5.0 

- 

4.95 

- 

Vdc 

Vln  -  0  or  VDp 

10 

9.95 

9.95 

10 

- 

9.95 

- 

15 

14.95 

1435 

15 

- 

14.95 

- 

 — —  - 

Input  Voltage                     0  Level 

VIL 

Vdc 

(Vq  -  4.5  or  0.5  Vdcl 

5.0 

" 

1:5 

- 

2.25 

1.5 

- 

1.5 

(Vq  -  9.0  Or  1 .0  Vdcl 

10 

3.0 

- 

4.50 

3.0 

- 

3.0 

1VQ  *  1  J.O  Oi  1.9  VOC1 

— 12 — 

- 

6.75 

4.0 

- 

4.0 

"1"  Level 

Viu 
v  IH 

(Vq  «  0.5  or  4.5  Vdcl 

5.0 

3  5 

3.5 

2.75 

3.5 

- 

Vdc 

(Vq  *  1.0  or  9.0  Vdcl 

10 

7  0 

7.0 

5.50 

- 

7.0 

— 

(Vo-1.5  or  13.5  Vdcl 

15 

1 1.0 

_ 

11.0 

8.25 

- 

11.0 

— 

■OH 

mAdc 

|unu  »  9  s  Vdcl  Source 

5.0 

—  3.0 

-2.4 

-4.2 

- 

-1.7 

- 

(Voh  •  4.6  Vdcl 

5.0 

—0.64 

-0.51 

-0.88 

-0.36 

— 

(VoH  *  9.5  Vdcl 

10 

-1.6 

—  1 .3 

-  2.25 

—  0.9 

(Voh  ■  13.5  Vdcl 

15 

-4.2 

_ 

—  3.4 

—  8.8 

—  2.4 

(Vqi_  <■  0.4  Vdcl  Sink 

Ir-ki 
'*JL 

5.0 

0.64 

0.51 

0.88 

0.36 

mAdc 

(Vql  "  0.5  Vdcl 

10 

16 

_ 

1 .3 

2,25 

0.9 

(Vql»  1.5  Vdcl 

15 

4.2 

_ 

3.4 

8.8 

2.4 

Output  Orive  Current  (CL/CP  Device) 

'OH 

mAdc 

(VQH  "  2.5  Vdcl  Source 

5.0 

-2.5 

- 

-2.1 

-4.2 

-1.7 

(Voh  "  4-6  Vdcl 

5.0 

-0.52 

- 

-0.44 

-0.88 

-0.36 

IV0H  "  9-5  Vdcl 

10 

-1.3 

- 

-1.1 

-2.25 

_ 

-0.9 

_ 

(Vqh  •  13.5  Vdcl 

15 

-3.6 

- 

-3  0 

-8.8 

_ 

-2.4 

_ 

(Vql  "  OA  Vdcl  Sink 

lOL 

5.0 

0.52 

- 

0.44 

0.88 

_ 

0.36 

_ 

mAdc 

(Vql  "  05  vdcl 

10 

1.3 

- 

1.1 

2.25 

_ 

0.9 

_ 

(v0l-  15  Vdc> 

15 

3.6 

- 

3.0 

8.8 

_ 

2.4 

_ 

Input  Current  (AL  Devicel 

'in 

15 

- 

J  0.1 

tO  00001 

tO  1 

s  1  0 

MAdc 

Input  Current  (CL/CP  Oevicel 

'in 

15 

- 

J  0.3 

10.00001 

t0.3 

*  1 .0 

uAdc 

Input  Capacitance 

c,„ 

_ 

_ 

5  0 

7.5 

" 

BF 

(Vjn  -  01 

Quiescent  Current  (AL  Oevicel 

■DO 

5  0 

5.0 

0.005 

5.0 

150 

IPer  Package) 

10 

_ 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

<OD 

5.0 

20 

0.005 

20 

150 

»jAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

IS 

80 

0.015 

80 

600 

Total  Supply  Current* '  r 

>T 

5.0 

lT-(1.3pA/kHz)f  +  lDD 

MAdc 

(Dynamic  plus  Quiescent. 

10 

lT-(2.6cA/kHl)f+  lDD 

Per  Package) 

15 

lT  "  (33  (lA/kHl)  f  +  'DO 

ICi  -  50  pF  on  all  outputs,  all 

buffers  switching) 

*Tlow  "  -55*C  tor  AL  Device.  -40*C  for  CL/CP  Oevice. 
ThiQh  -  + 1 2S*C  tor  AL  Oovtco.  +  8S*C  for  CUCP  Device. 

#Deta  labelled  "Typ"  is  not  to  be  used  for  dostc-n  purposes  but  ts 
intended  as  on  Indication  of  trte  IC's  potential  performance. 

"Tho  formulas  given  are  for  the  typical  characteristics  only  at  25*C. 


tTo  calculsto  total  supply  current  at  loads  other  than  SO  pF 
lT(CL>  -  It(50  pF)  -*■  (CL  -50)  VfK 


where:  If  is  tn  |iA  (per  package).  CL  in  pp.  V  -  (VrjQ-  Vjjg)  In  volts, 
f  in  kHz  is  Input  frequoncy.  and  K  -  0  OOi 


PIN  ASSIGNMENT 


NC  =  No  Connection 
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SWITCHING  CHARACTERISTICS*  (CL  -  50  pF.  TA  -  25°C) 


Characteristic 

Symbol 

VDD 

Min 

Typ# 

Man 

Unit 

Output  Rise  and  Fall  Time 

ns 

<TLH-  'THL  -  I1 -5  ns/pF)  Cl  +  25  ns 

"TLH- 

5.0 

- 

100 

200 

'TLH-  *THL  =  (0.75  ns/pF)  CL  +  12.5  ns 

'THL 

10 

- 

50 

100 

'TLH.  'THL  "  I0-55  ns/pF)  CL  +  9.5  ns 

15 

- 

40 

80 

Propagation  Delay  Time 

'PLH 

ns 

<PLH.  tpHL  "  <'  -7  ns/pFI  C(_  ♦  220  ns 

'phL 

5.0 

- 

300 

600 

tPLH.  'PHL  =  t0.66  rtt/pFJ  C|_  +  77  ns 

10 

- 

110 

220 

'PLH.  (PHL  "  '°'5  nj/pFI  C|_  ♦  55  ns 

15 

80 

160 

Clock  Pulte  Width 

<WH 

5.0 

200 

100 

- 

ns 

10 

120 

60 

- 

15 

80 

40 

Clock  Pulse  Frequency 

'cl 

5.0 

- 

5.0 

2  5 

MHz 

10 

- 

8.3 

4.2 

15 

12 

6.0 

Clock  Pulse  Rise  and  Fall  Time" 

'TLH 

5.0 

15 

MS 

•THL 

10 

5 

15 

4 

Setup  Time 

•su 

5.0 

0 

-50 

ns 

10 

0 

-15 

15 

0 

-8.0 

Hold  Time 

<h 

SO 

180 

75 

ns 

10 

90 

25 

15 

7S 

20 

'The  forpiulas  given  are  tor  the  typical  characteristics  only  al  25'C. 


#Dala  labollod  "Typ"  Is  not  to  be  used  for  design  purposos  but  ts 
Intended  as  an  Indication  of  tho  IC's  potential  performance. 

"When  shirt  register  sections  are  cascaded,  the  maximum  rise  and  fall  times  of  the  clock  input  should  be  equal  to  or  less  lhan  tho  rise 
and  fall  limes  ol  the  data  outputs  driving  data  inputs,  plus  the  propagation  delay  of  the  outpul  driving  stage  for  the  output  capacitance 
load. 


This  do  vice  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  ot  any  voltage  higher  than  maximum  rated  voltages  to  this  high-imped- 
ance circuit.  For  proper  operation,  V|n  and  Vout  should  be  constrained  to  the  range  Vgs  <s  (Vin  or  Vout)  <  Vqq. 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vgs  or  Vqd).  Unused  outputs  must  be 
left  open. 


FIGURE  1  -  TYPICAL  OUTPUT  SOURCE  CURRENT 
CHARACTERISTICS  TEST  CIRCUIT 


vDo  ■  -vGs 


Clock  Q4 

Op,  OB 
°'*  Q.3 

°PS0  Q17 

Op14Q18 

5 


7«VSS 


4 


>OH 


External 
Power 

Supply 


FIGURE  2  -  TYPICAL  OUTPUT  SINK  CURRENT 
CHARACTERISTICS  TEST  CIRCUIT 


vDd  -  vGs 

il4 


Clock  Q4 

Op,  OS 

°<">  Q.3 

°PI0o,7 

Op,4Q18 

_|vss 


External 

Power 
Supply 


6-21 


MC14006B 


6-22 


MOTOROLA 


DUAL  COMPLEMENTARY  PAIR  PLUS  INVERTER 

The  MCI4007UB  multi  purpose  device  consistsof  three  N  channel 
and  three  P  channel  enhancement  mode  devices  packaged  to  provide 
access  to  each  device.  These  versatile  parts  are  useful  in  inverter 
circuits,  pulse- shapers.  linear  amplifiers,  high  input  impedance  amph 
fiers.  threshold  detectors,  transmission  gating,  and  functional  gating 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schollky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin  for-Pin  Replacement  for  CD4007A  or  CD4007UB 

•  This  device  has  2  outputs  without  ESD  Protection.  Anti-static 
precautions  must  be  taken. 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-  0  5  10  -  1 8  0 

V 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  (o  VDp  »  0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

i  10 

mA 

Pd 

Powor  Dissipation,  per  Packaget 

500 

mW 

TSlQ 

Storage  Temperature 

-65  10  +150 

•c 

\ 

Lead  Temperature  (8-Second  Soldonng) 

260 

•c 

'Maximum  Ratings  are  (hose  values  beyond  which  damage  lo  the  device  may  occur 
tTemporaluro  Derating    PlasiiC  "P"  Package   -  12mW/°C  from  65*C  10  85'C 

Ceramic  "L"  Package   -  iZmW/'C  from  100*C  to  125°C 

FIGURE  1  —  TYPICAL  APPLICATION:  2-INPUT  ANALOG  MULTIPLEXER 


INPUT 

OUTPUT  CONDITION 

1 

0 

A  -  C.  B  -  Oprjn 
A  -  a .  C  ■  Opan 

Subilratai  of  P-channal  dovicai  internally  connected 
to  vDO-  vihitratBi  of  N  chgnntl  dawicei  intarnallv 
connaciad  to  Vrc 


MC14007UB 


CMOS  SSI 

(LOW  POWER  COMPLEMENTARY  MOS) 


DUAL  COMPLEMENTARY  PAIR 
PLUS  INVERTER 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE         PLASTIC  PACKAGE 
CASE  635  CASE  6*16 

ORDERING  INFORMATION 

A  Series:  -55'C  lo  +  125*C 

MCMXXXUBAL  (Ceramic  Package  Only) 

CSorios  -40'C  10  +65°C 
MCMXXXUBCP  (Plastic  Package) 
MCMXXXUE3CL  (Coramic  Package) 


PIN  ASSIGNMENT 

D-PB 

VDD 

 1  14 

S^b 

o-pa 

— i  13 

GitiB 

Outc 

=1  12 

S  NB 

=)  11 

D  NB 

Gatac 

ZZ1  10 

Gat.A 

S  NC 

=1  9 

VSS 

0-NA 

D  - 

Drain 

S  - 

So 

urea 

SCHEMATIC 
3 


J]      JJ  J 


V5S  '  p"'  ' 


6-23 


MC14007UB 


ELECTRICAL  CHARACTERISTICS  (Connected  as  Inverters)  (Voltages  Relerencod  lo  vss) 


VDD 

Tlow" 

25°C 

Thigh" 

Characteristic 

Symbol 

Vdc 

Min 

Man 

Min 

Typ# 

Ma« 

Mm 

Ma« 

Unit 

Output  Voltage               "0"  Level 

vql 

5.0 

0.05 

0 

0.05 

0.05 

Vdc 

V,n"  VDD  O'O 

10 

0.05 

0 

0  05 

0  05 

15 

0  05 

0 

0  05 

0  05 

•I"  Level 

v0h 

5  0 

4.95 

4  95 

5  0 

4  95 

Vdc 

V,„-0or  VDO 

10 

9.95 

995 

10 

9  95 

15 

14  95 

1495 

15 

_ 

14.95 

Input  Voltage                  "0"  Level 

V|L 

Vdc 

IV0  ■  4.5I 

5.0 

1  0 

2  25 

1  0 

1  0 

(V0  "  9.0I 

10 

2.0 

4  50 

2.0 

_ 

2.0 

IV0  "  13.5) 

15 

_ 

2.5 

6  75 

2.5 

_ 

2.5 

"1"  Level 

V|H 

(V0  -  0.51 

5  0 

4.0 

_ 

4.0 

2.75 

_ 

4.0 

_ 

Vdc 

Wq  «■  1 .0) 

10 

8.0 

- 

8.0 

5.50 

- 

8.0 

- 

(Vq  "  1.5) 

15 

12.5 

_ 

12.5 

8.25 

- 

12.5 

- 

Output  Drive  Current  IAL  Device) 

lOH 

mAdc 

<vOH  "  2  5  Vdcl  Source 

5.0 

-3  0 

-24 

-5.0 

-1.7 

IVoH  "  4.6  Vdc) 

5.0 

-0  64 

_ 

-0.51 

-1.0 

_ 

-0  36 

_ 

(Vqh"9  5  v<lc> 

10 

-1.6 

-1.3 

-2  6 

-09 

- 

IVOH  "  13.5  Vdcl 

15 

-4.2 

- 

-3.4 

-10 

- 

-24 

- 

(Vol  -  °4  Vdc)  Sink 

'OL 

5.0 

0.64 

- 

0.51 

1.0 

- 

0.36 

- 

mAdc 

(Vol  ■ 05  vdcl 

10 

1.6 

- 

1.3 

2.5 

- 

0.9 

- 

(Vql  ■  i  vdc) 

15 

4.2 

- 

3.4 

10 

- 

2.4 

- 

Output  Drive  Current  (CL/CP  Device) 

'OH 

• 

mAdc 

IVqh  ■  2.5  Vdc)  Source 

50 

-2.6 

- 

-2  1 

-5.0 

- 

-1.7 

- 

(Vnu  -  4  6  Vdc) 

5.0 

-0.52 

- 

-0.44 

-1.0 

-0.36 

— 

(vOH  "  9-5  vdc) 

10 

-1.3 

- 

-11 

-2.5 

- 

-0.9 

r 

(Vqh  "  13  5  Vdc) 

15 

-3.6 

-30 

-10 

- 

-2.4 

- 

(Vql  ■  0.4  Vdc)  Sink 

'OL 

5.0 

0.52 

0.44 

1.0 

- 

0  36 

- 

mAdc 

<Vql  "  0.5  Vdc) 

10 

1.3 

1.1 

2.5 

0.9 

(Vq(_  ■  1.5  Vdc) 

15 

3.6 

3.0 

10 

2.4 

Input  Current  (AL  Device  1 



'in 

1g 

- 

!  0  1 

!  0 00001 

•0  1 

- '  0 

Input  Current  (CL/CP  Oevice) 

'in 

15 

- 

t03 

:  0  00001 

>03 

Jl  0 

~~Ad — 
— — — 

Input  Capacitance 

C,n 

50 

7.5 

pF 

(Vm  -  01 

Quiescent  Current  (AL  Oevice) 

'DD 

50 

0.25 

0.0005 

0.25 

75 

tiAdc 

(Pei  Package) 

10 

0.50 

0X1010 

0.SO 

15 

15 

1.00 

0.0015 

1.00 

30 

Quiescent  Cu"ent  (CL/CP  Device) 

'DD 

50 

1  j0 

0.0005 

1.0 

7.6 

«Adc 

(Per  Package) 

10 

2.0 

0.0010 

2.0 

15 

15 

4j0 

0.0015 

4.0 

30 

Total  Supply  Current' "t 

it 

5.0 

Ij  »  (0.7  »A/kHll  f  *  lDD'6 

iiAdc 

(Dynamic  plus  Quiescent.  Per  Gate) 

10 

lT  =  (1.4  dA/kHtl  1  ♦  Idq/6 

(CL-50pFl 

15 

lT  =  (2.2  MA/kHzl  (  +  lQD'6 

*Tlow  ~  -  55'c  fof  AL  Device,  -  40*C  lor  CL/CP  Device.  t To  calculate  toiol  supply  current  al  loads  other  than  50  pF 

Thigh  "  +  125'C  lor  AL  Device.  +  85*C  lor  CL/CP  Dovico 

lT(CL)  -  'T(50pF)  ■+  (CL  -50)Vfk 

#Dota  labelled  "Typ"  is  not  to  be  used  for  design  purposes  but  is 
intondod  as  an  indication  of  the  iC's  potential  performance  where  \j  is  in  u.A  (per  package).  Ci_  m  pp.  V  =  (Vqq  -  V$s) in  volts. 

f  in  kHz  is  input  frequency,  and  k  ■  0  003 

"The  formulas  given  a»o  for  Iho  typical  characteristics  only  at  25*C 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  eleclric  fields.  However, 
precautions  must  be  laken  lo  avoid  applications  of  any  vottage  higher  than  maximum  rated  voltages  to  this  high-imped- 
ance circuit.  For  proper  operation.  Vjn  and  Vout  should  be  constrained  to  the  range  Vss  *  (vin  °r  vout)  *  VDD 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g..  either  Vss  or  VDD)  Unused  outputs  must 
be  left  open. 
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SWITCHING  CHARACTERISTICS*  (CL  >  50  pF.  TA  >  25°C) 


V0D 

Characteristic 

Symbol 

Vdc 

Mtn 

Typ  s» 

Max 

Unit 

Output  Riso  Tiftio 

t  T 

ns 

'TLH  ■  (1.2  ns/pF)  C|_  +  30  ns 

5.0 

90 

180 

'TLH  "  (0.5  ni/pF  1  CL  ♦  20  ns 

10 

_ 

45 

90 

«TLH  "  10.4  nt/pF)  Cl  +  15  ns 

15 

35 

70 

Output  Fall  Time 

'THL 

ns 

'THL.  0  2  ns/pF)  CL  +  15  nj 

5.0 

75 

150 

•THL  •  (0.5  ns/pF>  CL  *  15  nj 

10 

40 

80 

'THL"  l°-4  ns/pF)  Ci_  +  10  ns 

15 

30 

60 

Turn-Off  Dolay  Time 

•PLH 

ns 

tPLH  "  U  S  ns/pFI  CL  +  35  ns 

50 

€0 

125 

tPLH  *  (0.2  ns/pFI  CL  +  20  ns 

10 

30 

75 

'PLH  "  (0.15  ns/pF)  Ci_  ♦  17.5  ns 

15 

2S 

55 

Turn-On  Delay  Time 

<PHL 

ns 

IPHL  "  (1-°  ns/pF)  C[_  +  10  ns 

5.0 

60 

125 

tPHL.3  (0-3  n*/PF>  Cl  +  15  ns 

10 

30 

75 

IPHL  "  t0-2  ns/pF)  Cl  +  15  ns 

15 

25 

55 

*  The  formulas  given  are  for  the  typical  characteristics  only. 
Switching  specifications  are  for  device  connected  as  an  Inverter. 
#0aia  labelled  "Typ"  is  not  to  bo  used  for  deaton  purposes  but  Is 
Intended  as  en  Indication  of  the  IC's  potential  performance. 


FIGURE  2  -  TYPICAL  OUTPUT  SOURCE  CHARACTERISTICS  FIGURE  3  -  TYPICAL  OUTPUT  SINK  CHARACTERISTICS 


Vqs.  OHAIN  VOLTAGE  (Vdc)  Vrjs.  DRAIN  VOLTAGE  (V<Jt) 

These  typical  curves  are  not  guarantees,  but  are  design  aids 
Caution:  The  maximum  current  rating  is  10  mA  per  pin. 
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FIGURE  4  t  SWITCHING  TIME  AND  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORMS 


APPLICATIONS 
The  MC14007UB  dual  pair  plus  inverter,  which  has 
access  to  all  its  elements  offers  a  number  of  unique  circuit  FI0URE  6  ~  A01  UNCTIONS  US,NG  TREE  L°°'c 

applications.  Figures  1,  5,  and  6  are  a  few  examples  of 


INPUT 

DISABLE 

OUTPUT 

1 

0 

0 

0 

0 

1 

X 

1 

Opan 

Subctrat**  of  P -channel  davicM  Internally  connected  to  VqO: 
Substrata*  of  N-channol  device*  intarnatly  connected  to  Vgs- 
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4-BIT  FULL  ADDER 

The  MC14008B  4bit  full  adder  is  constructed  with  MOS  P 
channel  and  N -channel  enhancement  mode  devices  in  a  single  mono- 
lithic structure.  This  device  consists  of  four  full  adders  with  fast 
internal  look  ahead  carry  output.  It  is  useful  in  binary  addition  and 
other  arithmetic  applications.The  fast  parallel  carry  output  bit  allows 
high-speed  operation  when  used  with  other  ddders  in  a  system. 

•  Look-Ahead  Carry  Output 

•  Diode  Protection  on  All  Inputs 

•  All  Outputs  Buffered 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin-for-Pin  Replacement  for  CD4008B 


MAXIMUM  RATINGS'  (Voltages  Reterenced  to  Vss) 


Symbol 

Parameter 

Value 

Unll 

DC  Supply  Voltage 

-  0  5  to  *  18  0 

V 

V,n.  V0U, 

Input  or  Output  Voltage  (DC  or  Transient) 

-  0  5  lo  VDD  *0  5 

V 

■in.  'out 

Input  or  Output  Current  (DC  or  Transienl).  per  Pm 

-  10 

mA 

Pd 

Power  Dissipation,  per  Package! 

500 

mW 

'stq 

Slorage  Temperature 

-65  to  +150 

•c 

Lead  Temperature  (8-Second  Soldering) 

260 

-c 

"Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
-(-Temperature  Derating   Plastic  "P"  Package   -  i2mW/°C  from  65"C  to  85"C 

Ceramic  "L"  Package    -  12mW/*C  irom  100"C  to  125°C 


BLOCK  DIAGRAM 


B4  15  O- 
A4     1  O- 


B3  2  0- 
A3    3  O- 


B2  A  O- 
A?    5  O- 


Bl  6  O— 
A1     7  O- 

Cln    9  O- 


High  Soeact 
Parallel  Cai»v 


J7, 


—on  sa 


111  S3 


51 


VDD  -  Pin  16 
Vss  -  Pin  a 


CMOS  MSI 


ILOW  POWER  COMPLEMENTARY  MOS) 


4  BIT  FULL  ADDER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series   -55'Clo  -*125*C 

MCl  JXXXBAL  (Ceramic  Package  Only) 

C  Series   -4a°Cto  ♦SS'C 

MCi  JXXXBCP  (Plastic  Package) 
MCMXXXBCL  (Coram.c  Package) 


TRUTH  TABLE 
(One  Stage) 


B 

A 

COU| 

s 

a 

0 

0 

0 

0 

a 

0 

1 

0 

1 

a 

1 

0 

0 

1 

a 

1 

1 

1 

0 

i 
i 
i 
i 

0 
0 

1 
1 

a 
i 

0 

i 

0 

1 
1 
1 

1 
a 

0 

i 
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ELECTRICAL  CHARACTERISTICS  (voiiogcs  Referenced  to  vssi 


Vnn 

Tlow" 

25°C 

Th 

ah* 

C  hirsC  tor  i  st  i  C 

Sy  mbol 

Vdc 

Mm 

Mix 

Min 

Typ# 

M» 

Min 

Unit 

Output  Volt  ago                "0"  Level 

Vol 

5.0 

— 

0  05 

- 

0 

0.05 

— 

0.05 

Vdc 

Vfn  =  VDD  *>r  0 

10 

— 

0  05 

- 

0 

005 

— 

0  05 

15 

— 

0  05 

- 

0 

005 

— 

0  05 

"\"  Level 

Voh 

5  0 

4.95 

— 

4.95 

5.0 

4  95 

— 

Vdc 

Vin  =  0  or  Vpp 

10 

9.95 

_ 

995 

10 

— 

9  95 

15 

14  95 

— 

14.95 

15 

_ 

14.95 

Input  Voltage                      "0"  Level 

VIL 

Vdc 

(VQ=4.5  or  0.5  Vdc) 

5.0 



15 

_ 

2  25 

15 

— 

1  5 

(VD~9.0or  1.0  Vdc) 

10 

— 

30 

- 

4.50 

3.0 

— 

3  0 

(Vq™  »3.5  oi  1.5  Vdc) 

15 

— 

4  0 

— 

6  75 

4.0 

~* 

4.0 

"1"  Level 

V|H 

(Vq  =  0.5  or  4.5  Vdc) 

5.0 

3.5 

- 

3.5 

2.75 

- 

3.5 

~* 

Vdc 

|Vq  &  1 .0  oi  9.0  Vdc) 

7  0 

— 

7  0 

5  50 

— 

7.0 

1  •  U      i  ^  or  1^.9  vuci 

Ig 

11  0 

— 

11  0 

8  25 

- 

1 1 .0 

Ouipuc  Drive  Current  (AL  Device  1 

lOH 

mAdc 

(Vqh  —  2.5  Vdc)  Source 

5.0 

-3.0 

- 

-2.4 

-4.2 

- 

—  1.7 

— 

*Voh  =  4.6  Vdc) 

5  0 

-0.64 

- 

-0.51 

-0.88 

- 

—0.36 

iwA1 ,  v  q  c  wj.i 
'*0H  vaci 

-1.6 

— 

-1.3 

-2.25 

— 

n  Q 

'^OH  ~  '3-5  Vdcl 

15 

-4.2 

— 

-3.4 

-8.8 

— 

—  24 

(Vql&  0.4  Vdc)  Sink 

'0L. 

5,0 

064 

- 

051 

0  88 

— 

0.36 

mAdc 

{Vq|_  ™  0.5  Vdc) 

10 

1.6 

13 

2  25 

0  9 

(Vol*3  15  Vdc) 

15 



3  4 

8  8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

 j  

mAdc 

(Vqh  "2.5  Vdc)  Source 

5  0 

—  2.5 

—  2.1 

—  4.2 

-1.7 

(Voh°4-6  Vdc) 

50 

—  0.52 

—  0.44 

—  0.88 

-0.36 

_ 

<vOH"9  5  Vdc) 

10 

—  1.3 

—  1.1 

—  2.25 

-0.9 

— 

IVoH*  '3.6  Vdc) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

_ 

(Vqlb°4  Vdc)  Sink 

'OL 

50 

0.52 

0.44 

0.88 

0.36 



mAdc 

lVOL"0-5  Vdc) 

10 

1.3 

1 .1 

2.25 

09 

— 

WOL1*  15  Vdcl 

15 

3.6 

3.0 

8.8 

2.4 

— 

Input  Cur  rem  (AL  Device) 

'.n 

15 

_.q  1 

iO  00001 

.10  1 

— . 

■Li  0 

yAdc' 

Input  Current  (CL/CP  Device) 

■in 

15 

— 

.10  3 

•000001 

10  3 

21  0 

yAdc 

Input  Capacitance  

— 

50 

7.5 

pF 

(V  -  01 

Quceicent  Current  (AL  Device! 

5  0 

50 

0.005 

50 

150 

MAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

Idd 

5  0 

20 

0.005 

20 

150 

/jAcJc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

ao 

0.015 

80 

600 

Total  Supply  Current*  *  t 

it 

50 

>T     (1.7  |/A/kHr>  1  *  lDD 

*iAdc 

(Dynamic  plus  Quiescent. 

10 

IT     (3.4  uA/kHil  1  '  lDD 

Per  Package) 

15 

'T     (5.0  »A/kH7l  1  •  Iqo 

(Cl  ~  50  pF  on  all  oulputs,  all 

buffers  switching) 

*Tlow  "  ~  5^'C  lor  AL  Device.  -  40*C  (or  CL/CP  Device.  fTo  calculalo  lotal  supply  current  at  loads  other  than  50  pF: 

Thigh"  +  125'C  for  AL  Device.  +85*C  for  CL/CP  Device 

tT<Cu>  =  'tI50  pF)  -  (CL  -50)  Vik 

#Data  labelled  "Typ"  is  not  to  be  used  for  design  purposes  but  is 
inlendod  as  an  indication  of  (ho  ICS  potonlial  perlormance  where  l-r  is  in  ^A  (por  packago).  C|_  in  pF.  V  =  (Vqq  -  Vgg)  in  volts. 

f  in  kHz  is  input  frequency,  ana  k  -  0.005 

"The  formulas  given  are  tor  (he  typical  characteristics  only  at  25'C 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  lields.  However, 
precautions  must  be  taken  to  avoid  applications  oi  any  voltage  higher  than  maximum  rated  voltages  to  this  high-imped- 
ance circuit.  For  proper  operation.  Vjn  and  Vout  should  be  constrained  to  the  range  Vss  *  (Vjn  or  Vout)  *  Vqq. 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g..  either  Vjjs  or  Vqq).  Unused  outputs  must 
be  left  open. 
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SWITCHING  CHARACTERISTICS*  (CL  ■  50  pF.  TA  ■  25°CI 


v00 

Characteristic 

Symbol 

Vde 

Min 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Tims 

'tlh> 

nt 

ITLH*  *THL  "  0*&  ns/pF)  C|.  +  25  ns 

'thl 

6.0 

_ 

100 

200 

Iti  u.  Itui  ■  tO  75  ns/oF)  Ci  +  12.5  ns 

10 

50 

too 

tj|_Hi  'THL  ™  (0-55  ns/pF)  Cl  +  9.5  rts 

IS 

40 

80 

Propagation  Oolsy  Time 

«plh-«phl 

nt 

Sum  In  to  Sum  Out 

•PLH.'PHL"  l'.7  n>/pFI  Cl  ♦  315  nt 

5.0 

400 

ffOO 

tpi.H.  IPHL  "  10  66  nl/pF)  Cl  ♦  127  ni 

10 

160 

320 

tPLH.  tPHL  "  '°  5  n>/PP)  Cl  +  90  nt 

IS 

1 15 

230 

Sum  In  to  Carry  Out 

tp|.H.  IPHL  "  "  7  n>/pF)  C(.  ♦  220  ni 

S.0 

305 

610 

'PLH.'PHL  "  <0.66nt/pFI  C(.  *  1t2  nt 

10 

14S 

290 

«PLH.  <PHL  "  ,os  "t/pFi  C|_  +  85  ni 

15 

110 

220 

Carry  In  to  Sum  Out 

'PLH.  tPHL  "  "  7  ni/pFI  C|.  +  290  nt 

S.0 

375 

750 

tpLH-  'PHL  "  10  66  nt/pF)  C|.  4-  122  ni 

10 

ISS 

310 

<PLH.  'PHL  "  <os  n*/pFI  Cl  +  90  ni 

IS 

115 

230 

Carry  In  to  Carry  Out 

'PLH.  *PHL  *  "  7  n>/PP)  Cl  +  88  nt 

S.0 

170 

340 

•PLH-  'PHL  "  f0-66  ni/pF)  Cl  +  42  ni 

10 

78 

ISO 

'PLH.  'PHL  "  10  6  ni/pF>  Cl  +  30  ni 

IS 

SS 

110 

"The  formulas  given  are  for  the  typical  characteristic*  only  ai  2£*C. 


#Daia  labelled  "Typ"  it  noi  to  be  med  tor  design  purposes  but  it 
intended  at  an  indication  ot  the  IC's  potential  performance. 


FIGURE  1  -  TYPICAL  SOURCE  CURRENT  FIGURE  2  -  TVPICAL  SINK  CURRENT 

CHARACTERISTICS  TEST  CIRCUIT  CHARACTERISTICS  TEST  CIRCUIT 

V00  •  "VGS  Vout  vOO  •  VGS  vout 


16  916 
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FIGURE  3  -  DYNAMIC  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORM 


FIGURE  4  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 
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FIGURE  S  -  LOGIC  DIAGRAM 
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TYPICAL  APPLICATION 


FIGURE  6  -  USING  THE  MCI 40088  IN  A  16-BIT  AOOER  CONFIGURATION 
Word  A  *  B  Inpuft 


A1  84  A1  B4  A1  B4  Al  B4 


TTTT 


Chip 


SI  $4  SI  S*  SI  S4  SI  S4 


Sum  Outputs 


Calculation  of  16-bit  adtfar  ipMd: 

tp  total  ■  lp  (Sum  to  Carry)  *  tp  (Carry  to  Sum)  ♦  2  tp  (Carry  to  Carry) 

The  guaranteed  16-bit  adder  speed  at  10  V,  25*C.  C\_  -  50  pF  is: 
tp  total  -  290  +  310  +  300  -  900  ns 
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MOTOROLA 


DUAL  TYPE  D  FLIP-FLOP 

The  MC14013B  dual  type  D  flip  flop  is  constructed  with  MOS 
P-channel  and  N  channel  enhancement  mode  devices  in  a  single 
monolithic  structure.  Each  flip-flop  has  independent  Data,  (Dl. 
Direct  Set,  (SI,  Direct  Reset,  IRI,  and  Clock  (CI  inputsand  comple- 
mentary outputs  (Q  and  Ql.  These  devices  may  be  used  as  shift  regis- 
ter elements  or  as  type  T  flip-flops  for  counter  and  toggle  applica- 
tions. 

•  Static  Operation 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3  0  Vdc  to  18  Vdc 

•  Logic  Edge-Clocked  Flip-Flop  Design 

Logic  state  is  retained  indefinitely  with  clock  level  either  high  or 
low;  information  is  transferred  to  the  output  only  on  the  positive- 
going  edge  of  the  clock  pulse 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schollky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin-for-Pin  Replacement  for  CD4013B 


MAXIMUM  RATINGS*  (voltages  Rolorenced  to  vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-  0  5  to  -  1 6  0 

V 

V,n-  Vou, 

Input  or  Output  Voltage  (DC  or  transient) 

-  0  5  to  VDQ  "  0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

—  10 

mA 

PD 

Power  Dissipation,  per  Package* 

500 

mW 

Tstq 

Storage  temperature 

-65  to  -  150 

t. 

Lead  Temperature  (6-Second  Soldering) 

260 

•c 

•Maximum  Ratings  are  Ihose  values  beyond  whicn  damage  to  Ine  device  may  occur 
tTemperature  Derating    Piastre  "P"  Package   -  i2mW/°C  'fom  65"C  to  85°C 

Ceramic  "L"  Package   -  12mW,;,C  from  100"C  to  125°C 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

CLOCK1 

DATA 

RESET 

SET 

Q 

a 

0 

0 

0 

0 

i 

1 

0 

0 

1 

0 

X 

0 

0 

Q 

Q 

X 

X 

1 

G 

0 

1 

X 

X 

0 

1 

1 

0 

X 

X 

1 

1 

1 

1 

X  -  Doo'l  Crm 
4       Laval  Chang* 


MC14011B,  MC14012B 
See  Page  6-5 


MC14011UB,  MC14012UB 
See  Page  6-14 


MC14Q13B 


CMOS  SSI 

(LOW  POWER  COMPLEMENTARY  MOS) 

DUAL  TYPE  D  FLIP-FLOP 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE        PLASTIC  PACKAGE 
CASE  631  CASE  6J6 

ORDERtNG  INFORMATION 

A  Senos:  -SS'C  lo  i  125°C 
MC1-1XXXBAL  (Cofnmic  Packacjo  Only) 

C  Series  -ACTC  10  +  65°C 
MCMXXXBCP  (Plaslic  Packano) 
MCUXXXBCL  (Commie  Packano) 


BLOCK  DIAGRAM 


C  □ 
(1 


a  - 

•J  - 

II  - 
10- 


c  Q 


13 


•DO 


Pin  14 
Pin  7 
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ELECTRICAL  CHARACTERISTICS  (Voitagos  Refoiencea  10  vss) 


Vod 

Tlow" 

2S°C 

ThWi* 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Mtn 

Typ  # 

Max 

Min 

Max 

Unit 

Output  Vott&ge                 "0"  Level 

Vr,i 

s.o 

0.05 

- 

0 

0.05 

0.05 

Vdc 

*tn     ¥DD  *"  v 

10 

— 

0.05 

- 

0 

0.05 

— 

0.05 

15 

0.05 

- 

0 

0.05 

~ 

0.05 

"1"  Level 

vOH 

5  0 

4.95 

- 

4.95 

5.0 

4.95 

~ 

Vdc 

vin  "  u  or  vqq 

10 

9.95 

- 

9.95 

10 

9.95 

— 

15 

14.95 

-~ 

14.95 

15 

14.95 

Input  Voltage                       0  Level 

V/,, 

VIL 

— Vd — 
c 

|W.  a  ^  R  nr  fl  C  WHrl 
1  VQ       *t.3  Of  U,D  VOCJ 

5.0 

- 

1.5 

- 

2.25 

1  5 

- 

1.5 

; w  _  !  n  n        ]  n  V/riM 
VVQ      17 -U  Ol    1  .U  V UC 1 

10 

- 

3.0 

- 

4.50 

3.0 

— 

3.0 

(Vq  e  13.5  or  1 .5  Vdc) 

15 

— 

4.0 

6.75 

4.0 

4.0 

"1"  Level 

IVq  -0.5  or  4.5  Vdc) 

5.0 

3.5 

3.5 

2.75 

3.5 

Vdc 

(V0  =  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

(Vq  -  1  5  or  13.5  Vdc) 

15 

1 1.0 

1 1.0 

8.25 

11.0 

Output  Drive  Current  (AL  Device) 

mAdc 

<vOH  "  2.5  Vdc)  Source 

5.0 

-3.0 

— 

-2.4 

-4.2 

— 

-1.7 

(Vqh  ■  4.6  Vdc) 

5.0 

-0.64 

-0.51 

-0.88 

-0.36 

<vOH  =  9  5  Vdc) 

10 

-1  6 

-1 .3 

—2  25 

-0  9 

(V0H  =  13.5  Vdc) 

15 

—4  2 

-3  1 

— 8.8 

—2  4 

(VOL  3  0.4  Vdc)  Sink 

'OL 

5.0 

0.88 

0  36 

mAdc 

IVql  =  0.5  Vdc) 

10 

1.6 

1.3 

2.25 

0.9 

(v0l  e  15  Vdc) 

15 

4.2 

3.4 

8.8 

2.4 

_ 

Output  Drive  Current  (CL/CP  Device) 

Iqh 

mAdc 

(Voh  =  2.5  Vdc)  Source 

5.0 

-2.5 

_ 

-2.1 

-4.2 

_ 

-1.7 

_ 

(Voh  "  4.6  Vdc) 

50 

-0.52 

_ 

-0.44 

-0.88 

-0.36 

_ 

(Voh  =  9-5  Vdc) 

10 

-1.3 

_ 

-1.1 

-2.25 

- 

-0.9 

_ 

(Voh  =  vdc) 

15 

-3.6 

- 

-3.0 

-8.8 

- 

-2.4 

- 

(Vol  e  04  Vdc)  Sink 

'OL 

5.0 

0.52 

_ 

0.44 

0.88 

_ 

0.36 

_ 

mAdc 

(Vql  ■  0.5  vdc) 

10 

1.3 

_ 

1.1 

2.25 

_ 

0.9 

_ 

*vOL  e  1-5  Vdc) 

15 

3.6 

3.0 

8.8 

_ 

2.4 

_ 

Input  Current  (AL  Device) 

'in 

15 

_ 

'  C  1 

i  0  00001 

sO.I 

_ 

l  1.0 

nAdc 

Input  Current  (CL/CP  Device) 

>.n 

15 

t  0  3 

tO.00001 

t02 

i  1 .0 

MAdc 

Input  Capacitance 

C,n 

_ 

50 

7.5 

pF 

(Vin  ■-  0) 

Quiescent  Current  (AL  Device) 

■oo 

5.0 

1  0 

0.002 

1.0 

30 

— Adc 

M 

(Per  Package) 

10 

2.0 

0.004 

2.0 

60 

15 

4.0 

0.006 

4.0 

120 

Quiescent  Current  ICL/CP  Device) 

'do 

5.0 

4.0 

0.002 

4.0 

30 

iiAdc 

(Per  Package) 

10 

8.0 

0.004 

8.0 

60 

15 

16 

0.006 

16 

120 

Total  Supply  Current  *  '  t 

it 

50 

IT  :  (0.75jiA(kH*l  1  »  Iqq 

MAdc 

(Dynamic  plus  Quiescent, 

10 

IT  s  (1.5  MAZkHzl  f  ♦  Iqd 

Per  Package) 

15 

>T  "  (2.3  MA/kHzl  1  «  IpO 

ICl  "  50  pF  on  all  outputs,  all 

buffers  switching) 

•Ttow  -  -  SS*C  for  AL  Device.  -  40*C  lor  CL/CP  Devico.  TTo  calculate  lotal  supply  current  ot  loads  other  lhan  50  pF; 

Thigh"  +  12&*C  lor  AL  Device.  +85*C  for  CL/CP  Dovice. 

lT(CL)  -  'T(5°PF>  t  (CL  -50)  VU 

#Data  labelled  "Typ"  is  not  to  be  used  for  design  purposes  but  ia 
intended  as  an  indication  of  iho  IC's  potential  porlormanco  wnere:  ly  is  in  nA  (per  package).  C(_  in  pF,  V  *  (Vqq  -  Vss) in  votis. 

f  in  kHz  is  input  frequency,  and  k  =  0  002 

"The  formulas  given  are  for  the  typical  characteristics  only  al  25*C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation.  V;n  and  Vout  should  be  constrained  to 
the  range  Vgs  *  (Vin  or  Vout)  *  vdq. 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g., 
either  Vgg  or  Vqq).  Unused  outputs  must  be  left  open. 


PtN  ASSIGNMENT 


1  ^ 

OA 

V0O 

=3  14 

3  cz= 

aA 

Oa 

— 1  13 

3  e= 

cA 

5b 

=3  12 

4  a 

«A 

Cb 

=J  11 

1C 

Da 

«B 

=3  10 

6 

sA 

oB 

=39 

7  tZZ 

vss 

s„ 

=  8 
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SWITCHING  CHARACTERISTICS*  ICL  ■  50  pF.  TA  •  2S°CI 


Ch tfKttf  iitic 

Symbol 

Vnn 
'DO 

Mill 

Typ  * 

Mk 

Unit 

Output  Htse  and  Fail  Time 

'TLH- 

ns 

tTHU 

5.0 

1 00 

^nn 
<uu 

«7LH'  'THL     I0.ro  ns/pr'       +  i^.o  ns 

10 

50 

1 00 

*TLH-  *THL  "  <0  55  ns/pF)  C|_  +  9.5  ns 

15 

40 

80 

Propagation  Delay  Time 

•PLH 

ns 

Clock  to  Q,  Q 

tpHL 

5.0 

1 75 

350 

tPLH-  rPHL  "  t1-7  ns/PF)  Cl  +  90  ns 

tpLH-  tpHL  "  (°-66  "S'pFJ  CL  +  42  ns 

10 

ISO 

tpLH-  lPHL  "  t°-5  ns/pF)  C|_  +  25  ns 

15 

SO 

100 

oei  to  u,  u 

(di  ui  Idmi   >  (1  7  ns/oFl  Ci   +  90  ns 

5.0 

175 

350 

tp|_n,  tpHL  ™  (0-66  ns/pF)  Cj_  +  42  ns 

10 

75 

ISO 

Ip|_H.  tpHi   "  (0.5  ns/pF)  C(_  +  25  ns 

IS  . 

50 

100 

Reset  to  O,  Q 

tpLH-  <PHL  •*  0  7  ns/pF)  C[_  +  265  ns 

5.0 

_ 

350 

450 

*PLH-  'PHL  "  (0-66  ns/pF)  C|_  +  67  ns 

10 

_ 

100 

200 

tpLH-  tPHL  "  t°-5  nS/pF)  C|_  +  50  ns 

15 

- 

75 

ISO 

Setup  Times" 

5.0 

40 

20 

_ 

ns 

10 

20 

10 

_ 

15 

IS 

7.5 

- 

Hold  Times" 

*h 

5.0 

40 

20 

ns 

10 

20 

10 

_ 

IS 

IS 

7.6 

- 

Clock  Pulse  Width 

5.0 

250 

125 

ns 

10 

100 

SO 

_ 

IS 

70 

35 

- 

Clock  Pulse  Frequency 

<cl 

5.0 

4.0 

2.0 

MHz 

10 

10 

5.0 

15 

14 

7.0 

Clock  Pulse  Rise  and  Fall  Time 

itch 

5.0 

_ 

IS 

W 

'THL 

10 

- 

- 

5.0 

15 

4.0 

Sol  and  Reset  Pulse  Width 

«WL.<WH 

5.0 

250 

126 

ni 

10 

100 

50 

IS 

70 

35 

Removal  Times 

'rem 

ns 

Set 

s 

80 

0 

10 

45 

5 

15 

35 

5 

Reset 

5 

50 

-35 

10 

30 

-10 

15 

35 

-5 

"Tho  formulas  glvon  are  tor  tho  typical  characteristics  only  at  2S*C. 


#Dsta  fabetfod  "Typ"  is  not  to  bo  usod  tor  design  purposes  but  is 
intended  as  an  indication  of  tho  IC's  potential  performance. 

"Data  must  bo  vatid  tor  250  ns  with  a  5  V  supply.  100  ns  with  10  V,  and 
70  ns  with  IS  V. 


LOGIC  DIAGRAM 
11/2  of  Device  Shown} 


RO- 
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FIGURE  1  -  DYNAMIC  SIGNAL  WAVEFORMS 
(Oats,  Clock,  and  Output) 


20  n« 
O 

•tulH) 

c 

«WH 


<TLH 
Inputi  R  and  S  tow. 


'THL 


FIGURE  2  —  DYNAMIC  SIGNAL  WAVEFORMS 
(Sot,  Roset,  Clock,  and  Output) 


Sot  o' 
•<cT,e! 


:'0  -  s— . 


20  ns- 
90% 


LZ1  VDD 


TYPICAL  APPLICATIONS 
n-STAGE  SHIFT  REGISTER 


1 


D  Q 

c  a 


o  a 
c  o 


D  Q 
C  Q 


BINARY  RIPPLE  UP-COUNTER  (D»K)e<by  2nl 

2 


D  O 
C  Q 


o  o 
c  a 


T  Flip  Flop 


MODIFIED  RING  COUNTER  (Divide-byln  *  111 


1 


Clock  O— 


O  O 

c  a 


o  a 
c  a 


o  a 
c  a 


-OQ 
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MOTOROLA 


8  BIT  STATIC  SHIFT  REGISTER 

The  MC14014B  and  MC14021B  8-bit  static  shift  registers  are 
constructed  with  MOS  P  channel  and  N  channel  enhancement  mode 
devices  in  a  single  monolithic  structure.  These  shift  registers  find 
primary  use  in  parallel-to-serial  data  conversion,  synchronous  and 
asynchronous  parallel  input,  serial  output  data  queueing;  and  other 
general  purpose  register  applications  requiring  low  power  and/or 
high  noise  immunity. 

•  Synchronous  Parallel  Input/Serial  Output  (MC14014B) 

•  Asynchronous  Parallel  Input/Serial  Output  (MC14021BI 

•  Synchronous  Serial  Input/Serial  Output 

•  Full  Static  Operation 

•  "Q"  Outputs  from  Sixth,  Seventh,  and  Eighth  Stages 

•  Double  Diode  Input  Protection 

•  Supply  Voltage  Range    3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  MC14014B  Pm-forPin  Replacement  for  CD4014B 

•  MC14021B  Pin-for-Pin  Replacement  for  CD4021B 


MAXIMUM  RATINGS"  (Voltages  Rotorenccd  to  VSS) 


Symbol 

Pornmoter 

Value 

Unit 

VDD 

□C  Supply  Voltage 

0  5  to  -16  0 

V 

V,n-  Voul 

Input  or  Output  Voltago  (DC  or  Transient) 

0  5  to  V00  -  0  5 

V 

'in-  'out 

Input  or  Output  Curront  (DC  or  Transient),  por  Pin 

•  10 

mA 

PD 

Power  Dissipation,  per  Package! 

500 

mW 

Tstq 

Storage  Temperature 

65  to  -  150 

C 

Lead  Temperature  (8-Socond  Sotdonng) 

260 

C 

'Maximum  Ratings  aro  those  values  beyond  which  damage  to  the  device  may  occur 
tTemperaturo  Derating    Plastic  "P    Package      12mW  C  from  65  C  to  85  C 

Ceramic  "L    Packago      12mW  C  from  100  C  10  125  C 


MC14014B 
MC14021B 


CMOS  MSI 

lLOW  POWER  COMPLEMENTARY  MOSI 

8-BIT  STATIC  SHIFT  REGISTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Sdiios:  -55*C  (o  *  125"C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -  40' C  to  -  85"C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  PackoflO) 


TRUTH  TABLE 
SERIAL  OPERATION 


1 

DS 

Q6 
t  -  n*6 

Q7 

08 
1  -  n  +  8 

0 

0 

i 

Q 

0 

0 

a 

0 

1 

0 

a 

1 

0 

l 

a 

□  6 

Ql 

PARALLEL  OPERATION: 


CLOCK 

OS 

P/S 

Pn 

'On 

MC14014B  MC14021B 

X 

L  X 

1 

0 

0 

X 

X 

1 

1 

1 

'□6.  Ol,  &  Q8  Mrm  tvailaolfl  externally 
X  ■  Don  I  C«'* 

LOGIC  DIAGRAM 


C.oc. 


W5S  -  p.n  B         n  ■  P.n  13 


I  I  I 


Q6 
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ELECTRICAL  CHARACTERISTICS  (Voltaotm  Referenced  to  vss) 


VDD 

# 

m 

2S°C 

Thish' 

-  ■ 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage               "0"  Level 

vOL 

5.0 

- 

0.05 

o 

0  05 

0.05 

Vdc 

Vin  ■  VD0  or  0 

10 

- 

0.05 

o 

0.05 

0.05 

15 

- 

0.05 

_ 

0 

0.05 

005 

"1"  Level 

V0H 

5  0 

4.95 

- 

4.95 

5.0 

4.95 

Vdc 

Vin  -  0  ot  Vqd 

10 

9.95 

- 

9  95 

10 

9.95 

15 

1435 

- 

14.95 

15 

14.95 

Input  Voltage                    "0"  Level 

V|L 

Vdc 

IV0  »  4.S  or  0.S  Vdcl 

5.0 

- 

1.5 

2  25 

1 .5 

j  5 

(Vq  '9  0  or  1.0  Vdcl 

10 

- 

3.0 

4.50 

3.0 

3.0 

IV0>  13.5  or  15  Vdcl 

15 

- 

4.0 

_ 

6.75 

4.0 

_ 

4.0 

"1"  Level 

V|H 

IV0 -0.5  or  4.5  Vdcl 

5.0 

3.5 

- 

3.5 

2.75 

3.5 

Vdc 

IVQ*  1JJ  Or  y,o  VflCI 

10 

7.0 

- 

7.0 

5.50 

7.0 

_ 

<Vq  ■  1.5  or  13.5  Vdcl 

15 

11.0 

11.0 

8.25 

- 

11.0 

_ 

Output  Drive  Current  (AL  Oevice) 

'OH 

mAdc 

'vOH  '  2.5  Vdcl  Source 

5.0 

-3.0 

- 

-2.4 

-4.2 

-1.7 

_ 

<V()H  =  4-6  v*=* 

5.0 

-0.64 

- 

-0.51 

-0.88 

_ 

-0.36 

_ 

(Vqh  -  9-5  Vdc) 

10 

-1.6 

-1.3 

-2.25 

-0.9 

- 

I^OH  "  ^3.5  Vdcl 

15 

—  4.2 

— 

-3.4 

-8.8 

-2.4 

- 

IVql  =  0.4  Vdcl  Sink 

'OL 

5.0 

0.64 

- 

0.51 

088 

- 

0.36 

- 

mAdc 

IVql  "  0-5  Vdcl 

10 

1.6 

— 

1.3 

2.25 

- 

0.9 

- 

|W_.    _  •  e  i/j^i 

15 

4.2 

3.4 

8.8 

- 

2.4 

- 

Output  Drive  Current  (CL/CP  Device! 

'oh 

mAdc 

5  0 

—  2.5 

-2.1 

-4.2 

- 

-1.7 

- 

lv0H  ■  4.6  Vdcl 

5.0 

-0.52 

-0.44 

-0.88 

- 

-0.36 

- 

(V0H  -  9.5  Vdcl 

10 

-1.3 

_ 

-1.1 

-2.25 

- 

-0.9 

- 

IVOH  •  13.5  Vdcl 

15 

-3.6 

—  3.0 

-8.8 

—  2.4 

(Vql  ■  0.4  Vdcl  Sink 

Ini 
UL 

5.0 

0.52 

0.44 

0.88 

0.36 

mAdc 

(v0l  -  0.5  vdcl 

10 

1.3 

_ 

1.1 

2.25 

0.9 

ivql  ■ 15  v*:i 

15 

3.6 

_ 

3.0 

8.8 

2.4 

Input  Current  4AL  Oevice) 

*tn 

15 

♦  0.1 

l 0  00001 

JO  1 

— 

11.0 

MAdc 

Input  Current  (CL/CP  Oevicol 

'(n 

15 

!  0.3 

!  0  00001 

10.3 

- 

11.0 

#i  Adc 

Input  Capacitance 

cin 

— 

~ 

50 

7.5 

- 

- 

pF 

(Vin-0l 

Quiescent  Current  (AL  Device) 

<OD 

5.0 

- 

5.0 

0.005 

5.0 

150 

MAdc 

(Per  Package! 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

IQO 

5.0 

20 

0.005 

20 

150 

vAdc 

(Per  Package  1 

10 

40 

ouio 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current "  *  1 

>T 

5.0 

lT  *  10.75  uA/kHi)  1  •  l0D 

jiAdc 

(Dynamic  plus  Quiescent, 

10 

IT  "(1.50  uA/kHz)  (  •  |qq 

Per  Package  1 

15 

It  M2J5  wA/kHz)  1  •  |D0 

(C|_  -  50  pF  on  all  outputs, all 

buffers,  switching) 

T^-  - 55'C  for  AL  Device.  -40"C  for  CL/CP  Dovtco. 
Thigh"  +  t25"C  for  AL  Dovtco,  +85*C  for  CUCP  Oovfco. 

#Deta  labelled  "Typ"  Is  not  to  bo  used  for  design  purposes  but  is 
intended  as  an  indication  ot  tho  IC'S  potential  performance. 

"Tho  formulas  given  are  for  the  typical  characteristics  only  at  25*C. 


fTo  colcutato  total  supply  curront  at  loads  other  than  50  pF: 
lTtCL)  -  lT(50pF)  +  (CL  -S0)Vfk 


whero:  lj  is  in  pA  (per  package).  Ci_  In  pF.  V  -  (Vqq  -  Vgg)  in  volts, 
t  in  kHz  is  input  troquoncy.  and  k  -  0.0015. 


PIN  ASSIGNMENT 


Thfs  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation,  V|n  and  V0U(  should  be  constrained 
to  the  range  Vss  *  (V(n  or  VOU|)  *  Voo- 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g., 
either  Vss  or  vDO)-  Unused  outputs  must  be  left  open. 


6-38 


MC14014B*MC14021B 


SWITCHING  CHARACTERISTICS  (CL°50  pF,  TA-25'C) 


VDD 

Characteristic 

Symbol 

c 

Mln 

Typ  # 

Max 

Unit 

Output  Rise  and  Fall  Time 

'TLH. 

ns 

tTLH-  lTHL  =  t1-5  H^pF)  Cl  +  25  ns 

>THl 

5.0 

— 

100 

200 

tjLH'  'THL  °  (0.75  ns/pF)  Cl  +  12.5  ns 

to 

— 

50 

100 

tjLH'  'THL  ~  (0.55  ns/pF)  C|_  +  9-5  ns 

15 

40 

80 

Propagation  Delay  Time  (Clock  to  Q,  P/S  to  Q) 

•PLH, 

ns 

tpnL«  tPLH  "  <t7  rt8/pF)  Cl  +  315  ns 

'PHL 

5  0 

— 

400 

600 

*PHL*  *PLH  "  (0-66  ns/pF)  Cl  +  137  ns 

10 

— 

170 

340 

tpHL*  ^PLH  9  (0-5  ns/pF)  Cl  +  80  ns 

15 

115 

230 

Clock  Pulse  Width 

'WH 

5.0 

400 

150 

— 

ns 

10 

175 

75 

15 

135 

40 

Clock  Frequency 

'cl 

5.0 

— 

30 

1.5 

MHz 

10 

6.0 

3.0 

15 

S.O 

4.0 

Parallel/Serial  Control  Pulso  Width 

'WH 

5.0 

400 

150 

— 

ns 

10 

175 

75 

15 

135 

40 

Setup  Time 

l8U 

5.0 

200 

100 

— 

ns 

P/S  to  Clock 

10 

100 

50 

15 

60 

40 

Hold  Time 

>h 

5.0 

20 

-2.5 

— 

ns 

Clock  to  P/S 

10 

20 

-  10 

15 

25 

0 

Setup  Time 

!su 

5.0 

350 

150 

— 

ns 

Data  (Parallel  or  Serial)  to 

10 

80 

50 

Clock  or  P/S 

15 

60 

30 

Hold  Time 

<h 

5.0 

45 

0 

— 

ns 

Clock  to  Ds 

10 

35 

0 

15 

35 

5 

Hold  Time 

<h 

5.0 

50 

25 

ns 

Clock  to  Pn 

10 

45 

20 

15 

45 

20 

Input  Clock  Rise  Time 

'r(cl) 

5.0 

15 

lis 

10 

5 

15 

4 

*Tho  formulas  givon  are  (or  the  typical  characteristics  only  at  25*C. 


#Dato  labelled  "Typ"  Is  not  to  bo  usod  tor  dosign  purposes  but  is 
fntondod  as  an  Indication  of  tho  tC's  potential  porformanco. 


FIGURE  1  -  OUTPUT  SOURCE  CURRENT  TEST  CIRCUIT  FIGURE  2  -  OUTPUT  SINK  CURRENT  TEST  CIRCUIT 


PulM 

Generator 
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FIGURE  3  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORM 


FIGURE  4  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 
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MOTOROLA 


DUAL  4-BIT  STATIC  SHIFT  REGISTER 

The  MC14015B  dual  4-bit  static  shift  register  is  constructed  with 
MOS  P-channel  and  N -channel  enhancement  mode  devices  in  a  single 
monolithic  structure.  It  consists  of  two  identical,  independent 
4-state  serial-input/parallel-output  registers.  Each  register  has  inde- 
pendent Clock  and  Reset  inputs  with  a  single  serial  Data  input.  The 
register  states  are  type  D  master-slave  flip-flops.  Data  is  shifted  from 
one  stage  to  the  next  during  the  positive-going  clock  transition.  Each 
register  can  be  cleared  when  a  high  level  is  applied  on  the  Reset  line. 
These  complementary  MOS  shift  registers  find  primary  use  in  buffer 
storage  and  serial-to-parallel  conversion  where  low  power  dissipation 
and/or  noise  immunity  is  desired. 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Logic  Edge-Clocked  Flip-Flop  Design  - 

Logic  state  is  retained  indefinitely  with  clock  level  either  high  or 
low;  information  is  transferred  to  the  output  only  on  the  positive 
going  edge  of  the  clock  pulse. 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range. 


MC14015B 


CMOS  MSI 

ILOW  POWER  COMPLEMENTARY  MOS) 

DUAL  4-BIT  STATIC 
SHIFT  REGISTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  G20 


P  SUFFIX 

plastic  package 


CASE  648 

ORDERING  INFORMATION 

A  Series:  -  55*C  lo  +125*C 

MC14XXXBAL  (Ceramic  Packogo  Only) 

C  Series   -40'Cto  ♦  B5'C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


MAXIMUM  RATINGS"  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDD 

DC  Supply  Vollage 

-0  5  to  *  18  0 

V 

V,n-  V0ul 

Input  or  Output  Voltage  (DC  or  Transient) 

-  0  5  to  Vqq  +05 

V 

'in  ■  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

=  10 

m  A 

PD 

Power  Dissipation,  per  Package! 

500 

mW 

Tstq 

Storage  Temperature 

-65  to  +  150 

»C 

n 

Lead  Temperature  (8-Second  Soldering) 

260 

-c 

TRUTH  TABLE 


c 

D 

R 

Q0 

On 

0 

0 

0 

°n-1 

1 

0 

1 

°n-1 

X 

0 

No  Chango 

No  Chango 

X 

X 

1 

0 

0 

X  -  Don'l  Care 

Qn  -  Q0.  Q1.  OZ,  or  Q3.  as  applicable. 
Qn-i  -  Output  ol  prior  stago 


'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
t  Temperature  Derating   Plastic  "P"  Package  -  l2mW/°C  from  65"C  to  85*C 

Ceramic  "L"  Package  -  I2mw/'C  Irom  100°C  to  125-C 


BLOCK  DIAGRAM 


□z 

H  Q3 


aa 

oi 

1— 


■  3 

■  10 

-  13 

-  I? 

-  1  I 

■  2 


,  -  Pin  16 
.  -  Pin  8 
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ELECTRICAL  CHARACTERISTICS  IVoltages  Referenced  lo  vss) 


V0D 

Tlow' 

25°C 

Thiah" 

Characteristic 

OymOUl 

Vdc 

Min 

Min 

Max 

Min 

Max 

Unit 

Output  Voltage               "0"  Level 

vol 

5  0 

_ 

0.05 

_ 

0 

0.05 

_ 

0.05 

Vdc 

Vin  -  VDD  «  0 

to 

0.05 

_ 

0 

0.05 

0  05 

15 

- 

0  05 

— 

0 

005 

- 

0.05 

"1"  Level 

v0h 

5  0 

4  95 

_ 

4  95 

50 

_ 

4  95 



Vdc 

Vin  =  0  or  VD0 

10 
15 

9.95 
14  95 

_ 

_ 

995 
14.95 

10 
IS 



9.95 
14.95 

— 


Input  Voltage                      "0"  Level 

VlL 

Vdc 

(V0°4.5  or  0.5  Vdcl 

50 

1.5 



2.25 

1.5 

_ 

1  5 

IVq  -9  0  or  1.0  Vdcl 

10 

3.0 

4.50 

3.0 

— 

3.0 

(V0*13.5  or  1.5  Vdcl 

15 

— 

4  0 

— 

6.75 

4.0 

- 

4.0 

"I"  Level 

V|H 

IVq  *0.5  or  4.5  Vdc) 

50 

3.5 

— 

3  5 

2.75 

— 

3.5 

- 

Vdc 

|u_  Bin  m  0  ft  \Itir\ 

10 

7  0 

— 

7.0 

5.5J 

- 

7.0 

— 

IVQ  »  1  &  Of  1  J.D  V0CJ 

15 

11.0 

— 

110 

8.25 

— 

11.0 

— 

Output  Drive  Current  IAL  Device) 

<0H 

mAdc 

(Vqh  "  2.5  Vdcl  Source 

5  0 

-3.0 

- 

-2.4 

-4.2 

— 

-1.7 

- 

(Voh  "4.6  Vdcl 

5.0 

-0.64 

— 

-0.51 

-0.88 

— 

-0.36 

— 

'Vqh  "  9-6  Vdcl 

10 

-1.6 

— 

-1.3 

-2.25 

— 

-0.9 

— 

IVQH        U.3  VUCI 

— 15  

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

— 

(Vq(_  -0.4  Vdcl  Sink 

'OL 

5.0 

064 

- 

051 

088 

- 

0.36 

— 

mAdc 

ivql  13  u.d  vaci 

1.6 

— 

13 

2.25 

— 

0.9 

— 

(Vql  - 1.5  Vdc) 

15 

4.2 

3.4 

8.8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

— ;  

'OH 

mAdc 

(Vqh  b  2.5  Vdc)  Source 

5.0 

—  2  5 

—  2.1 

—4  2 

—  1.7 

(V0H -4.6  Vdcl 

50 

—  0.52 

—  0.44 

—  0.88 

—  0.36 

(VOH  ■  9.5  Vdc) 

10 

—  1  3 

—  1.1 

—  2.25 

—0.9 

(VOH-  13.5  Vdc) 

15 

—  3.6 

-3.0 

-8.8 

-2.4 

IVqL  "0.4  Vdc)  Sink 

'OL 

5.0 

0  52 

0  44 

0  88 

0  36 

mAdc 

(VOL  -0.5  Vdc) 

10 

1 .3 

1 .1 

2.25 

0.9 

(vol  "'.5  vdcl 

15 

3.6 

3.0 

8.8 

2  4 

Input  Current  IAL  Device) 

>  in 

15 

:0  1 

;  0  00001 

•0  1 

M0 

pAdc 

Input  Current  (CL/CP  Device! 

l>n 

15 

— 

*  0.3 

•0  00001 

10  3 

*  1.0 

*iAdc 

Input  Capacitance 

— 

- 

SO 

7.S 

— 

— 

pr 

fV  -  =  Dl 
iv,n  ur 

Quiescent  Current  IAL  Device! 

'DD 

so 

5.0 

0.005 

5.0 

150 

tiAdc 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

'DO 

50 

20 

0.005 

20 

160 

pAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current  *  *  t 
(Dynamic  plus  Quiescent. 

•t 

SO 
10 

lT  '  (1.2  nA/kHj)  1  t  lD0 
IT     12.4  MA/kHil  1  .  |DD 

pAdc 

Per  Package) 

IS 

IT  *  (3  6  </A/kHj|  1  t  lDD 

(C|_    50  pF  on  all  outputs,  all 

bullets  switching) 

*Tt0w  «  -  55*C  for  AL  Device.  -  40*C  lor  CUCP  Dovice- 
Thion=.  +  125*C  tor  AL  Oovice.  +8S*C  tor  CL/CP  Device. 

#Daia  labelled  "Typ"  is  not  to  be  used  for  design  purposes  but  is 
intended  aa  an  indication  ol  the  iC's  potential  perloimance 

"The  formulas  given  are  lor  the  typical  characteristics  only  at  25*C 


fTo  calculate  toial  supply  current  at  loads  other  than  50  pF: 
'tW  -  'T<S°PF)  +  (CL  "50)Vlk 

whero  lj  f>  t*A  (pel  package).  in  pF.  V  -  (Vqd~vSS) in  votta. 
f  in  kHz  is  input  Irequency.  and  k  -  0  002 

PIN  ASSIGNMENT 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to 
high  static  voltages  or  electric  fields.  However,  precautions  must  be 
taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  circuit.  For  proper  operation,  V[n  and 
Vout  should  be  constrained  to  the  range  Vss  *  <vin  or  vout)  <  VDD 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level 
(e.g.,  either  Vss  or  VDD)  Unused  outputs  must  be  lelt  open. 


1  c= 

cB 

VDD 

=3  16 

Q3B 

°B 

=□15 

3C 

<"A 

"B 

=314 

«"a 

Q0B 

=313 

se= 

Q0A 

Q1B 

=312 

6C= 

"A 

Q2B 

=311 

7  [= 

°A 

Q3A 

=310 

8t= 

vss 

cA 

=39 
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SWITCHING  CHARACTERISTICS*    ICL  -  SO  pi,  TA  -  25°CI 


Characteristic 

Symbol 

Min 

Typ  # 

Mix 

Unit 

Output  Htss  and  Fall  Timo 

'TLH- 

ns 

'TLH'  *THL  =         rttVpF)  Cl  +  25  f!8 

'thl 

5  0 

100 

200 

Iti  m>  Itui  —  (0.75  na/oF)  Ci  +  12  S  ns 

10 

50 

100 

*|LM*    THL       >M-a»  no'pr/         t  3,D  ns 

IS 

40 

80 

*« v|M^oi<un  wviay  i mho 

Clock,  Osts  to  Q 

iPLH,  TPHL  "  *17  ™/pF>  Cl  +  225  ni 

(PLH, 
*PHL 

s.o 

_ 

310 

750 

nt 

1PLh[  tPHL  *  ^ .66  ns/pF)  Cl  +  92  ni 

10 

125 

250 

tpLH,  tpHL  "  10  5  »»/pH  Cl  +  65  ni 
Roset  to  Q 

is 

90 

170 

*PLH,  'PHL  "  '1  7  ni/pF)  Cl  ♦  375  ns 

5.0 

_ 

460 

750 

»PLH,  <PHL  "  W*6  ni/pP)  Cl  +  147  ns 

10 

_ 

180 

250 

tpLH,  *PHL  "        rw/pF)  Cl  ♦  95  ns 

IS 

_ 

120 

170 

Clock  Pudfl  Wfdth 

WlfH 

S.0 

400 

185 



ns 

10 

175 

85 

IS 

135 

55 

_ 

Clock  Pulse  Frequency 

f  . 

'cl 

s.o 

2.0 

1.5 

MHz 

10 

_ 

6.0 

3.0 

IS 

7.5 

3.75 

Clock  Pulse  Rise  and  Fall  Times 

tTLH,*THL 

S.0 

15 

in 

10 

5 

IS 

4 

Reset  Pulse  Width 

*WH 

s.o 

400 

200 

ns 

10 

160 

80 

IS 

120 

60 

Setup  Time 

S.0 

3S0 

100 

ns 

10 

100 

SO 

IS 

75 

40 

*Tho  formulas  given  are  for  typical  characteristics  only  at  25*C. 

#Oa1a  labolled  "Typ"  is  not  to  be  used  for  design  purposes  but  Is  Intended  as  an  indication  of  the  IC's  potential  performance. 


FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORM 
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FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


FIGURE  3  -  SETUP  AND  KOLO  TIME  TEST  CIRCUIT  AND  WAVEFORMS 
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CIRCUIT  SCHEMATICS 
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LOGIC  DIAGRAMS 
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MC14016B 


QUAD  ANALOG  SWITCH/QUAD  MULTIPLEXER 

The  MC140158  quad  bilateral  switch  is  constructed  with  MOS  P 
channel  and  N  channel  enhancement  mode  devices  in  a  single  mono 
lithic  structure.  Each  MC14016B  consists  of  four  independent 
switches  capable  of  controlling  either  digital  or  analog  signals.  The 
t|uad  bilateral  switch  is  used  in  signal  gating,  chopper,  modulator, 
demodulator  and  CMOS  logic  implementation. 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range     3.0  Vdc  to  18  Vdc 

•  Linearized  Transfer  Characteristics 

•  Low  Noise  -  12nV  Y  Cycle.  fa1  kHz  typical 

•  Pin-for-Pm  Replacement  lor  CD4016B.  CD4066B 

•  For  Lower  Rqn-  Use  The  HC4016  High-Speed  CMOS  Device  or 
The  MC14066B 

•  This  Device  Has  Inputs  and  Outputs  Which  Do  Not  Have  ESD 
Protection.  Antistatic  Precautions  Must  Be  Taken. 


MAXIMUM  RATINGS*  (Voltages  Roloroncod  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDD 

DC  Supply  Vollage 

0  5  to  •  18  0 

V 

V|rv  VOU| 

Input  or  Oulpul  Voltage  (DC  or  Transient) 

-  0  5  lo  VDD  •  0  5 

V 

'in 

Input  Current  (DC  or  Transient),  per  Conlrol  Pin 

5  10 

mA 

'sw 

Switch  Through  Current 

-  25 

itiA 

Pd 

Power  Dissipation,  per  Package t 

500 

mW 

TSlq 

Storage  Temperature 

65  lo  -150 

C 

Lead  Temperature  (6-Socond  Soldering) 

260 

•c 

"Maximum  Ratings  arc  those  values  beyond  which  damage  to  the  device  may  occur. 
tTomperaiuro  Derating    Plastic  "P"  Package;  -  12mW  C  Irom  65  C  to  05  C 

Coramic  "L    Package;      12mW  C  Irom  100  C  lo  125  C 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields  However,  precautions  musl  be  taken  to  avoid 
applications  ol  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit  For  proper  operation.  Vin  and  Vout  should  be  constrained 
fo  the  range  Vgs  *  (V,n  or  Vout)  <s  Vqd 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e  g 
either  Vss  or  VDD)  Unused  outputs  musl  be  led  open 


LOGIC  DIAGRAM 

(1/4  OF  DEVICE  SHOWN! 

C0m,<,l-£>j— o£>  

Logic  Diagram  Rim  r  ict  ions 

VSS   Sv,n   f  DD 

USS    ^oul  «vOD 

CMOS  SSI 

I  LOW  POWER  COMPLEMENTARY  MOSI 


QUAD  ANALOG  SWITCH 
QUAD  MULTIPLEXER 


LSUFF1X  PSUFFIX 

CERAMIC  I'ACKAGt         PLASTIC  PACKAGE 


CA5t  63,  J 


CASE  I 


ORDERING  INFORMATION 

A  Sorios      55  'C  to  '  125"C 
MC 1 4XXXBAL  (Ceramic  Package  Only) 

C  Sorios      40'C  lo  •  85  C 
MCMXXXBCP  (Plastic  Package) 
MCMXXXBCL  (Coramic  Package) 


"I 


BLOCK  DIAGRAM 
13 

COftUfll  I  O- 
1 

1  o- 

5 

CiMitrnl  3  O* 


V      Pr»  ' 


CONTROL 

0  =  VSS 

1  -  VDD 


SWITCH 
OFF 


ON 


6-47 


MC14016B 


ELECTRICAL  CHARACTERISTICS  (Voltages  References  10  vssi 


Tlow' 

25°C 

Characteristics 

Figure 

Symbol 

Vdc 

Min 

Max 

Min 

Two  # 
i  yp  ft 

Max 

Min 

Max 

Unit 

Input  Voltage 

1 

Vii 
v  IL 

5.0 

- 

- 

- 

1.5 

o.g 

- 

- 

Vdc 

Control  Input 

10 

- 

- 

- 

1.5 

0.9 

- 

- 

15 

- 

- 

- 

1.5 

0.9 

- 

- 

—  

VIH 

5.0 

- 

- 

3.0 

2.0 

- 

- 

- 

C 

— 

— 

8.0 

6.0 

— 

— 

— 

15 

13 

1 1 

— 

— 

 ~  ■    

Input  Current  IAL  Device)  Control 

'in 

15 

- 

20.1 

- 

±0.00001 

±0.1 

- 

!1.0 

fAdc 

Input  Current  (CL/CP  Device!  Control 

'in 

15 

_ 

;0.3 

_ 

:  0.00001 

:0.3 

_ 

±1.0 

jiAdc 

Input  Capacitance 

- 

C,n 

pF 

Control 

- 

_ 

_ 

5.0 

_ 

_ 

_ 

Switch  Input 

- 

- 

- 

- 

5.0 

- 

- 

- 

Switch  Output 

_ 

_ 

_ 

5.0 

_ 

_ 

_ 

r*eea  I  nrougn 

_ 

_ 

_ 

0.2 

_ 

_ 

_ 

Quiescent  Current  (AL  Device)" 

2.3 

Idd 

5.0 

0  25 

0  0005 

0  25 

7  5 

fiAdc 

(Per  Package) 

10 

0.50 

0.0010 

0.50 

15 

15 

1.00 

0.0015 

1 .00 

30 

Quiescent  Current  (CL/CP  Device)" 

2.3 

'dd 

5.0 

1.0 

0.0005 

1.0 

7.5 

wAdc 

(Per  Package) 

10 

2  0 

15 

4.0 

0  0015 

4  0 

30 

"ON"  Resistance  (AL  Dovice)" 

4.5.6 

RnM 



Ohms 

(Vc  =  Vqd.  Rl  "  10  kR' 

(Vin  -  +5.0  Vdc) 

5.0 

600 

— 

300 

660 

960 

(Vin  -  -S.0  Vdc)  VSs  "  -5  Vdc 

600 

<Vin  =  t0.25  Vdc) 

600 

280 

660 

960 

<Vjn  *  +7.5  Vdc) 

7.5 

360 

240 

400 

600 

IVin  =  -7.5  Vdc)  Vss  ■  -7.5  Vdc 

360 

240 

400 

600 

(Vin  -  10.25  Vdc) 

360 

180 

400 

600 

(Vin  =+10  Vdc) 

10 

600 

260 

660 

960 

(Vin  =  +0.25  Vdc)  Vjs  ■  0  Vdc 

600 

310 

660 

960 

(Vin  -  +5.6  Vdc) 

600 

310 

660 

960 

<Vin«+15  Vdc) 

15 

360 

260 

400 

600 

(Vin  -  +0.25  Vdc)  Vss  "  0  Vdc 

360 

260 

400 

600 

(Vin  =  +9.3  Vdc) 

360 

300 

400 

600 

'ON"  Resistance  (CL/CP  Device)" 

4.5.6 

Ohms 

IVC-  VD0.  HL-  10  kO) 

(Vin  -  +5.0  Vdc) 

S.O 

610 

300 

660 

840 

(Vin  -  -5.0  Vdc)  Vss  "  ~5  Vdc 

610 

300 

660 

840 

(Vin  ■=  10.25  Vdc) 

_ 

610 

z 

280 

660 

840 

(Vin  -  +7.5  Vdc) 

7.5 

370 

240 

400 

520 

IVin  "  ~7-5  Vdc)  Vss  "  _7-5  Vdc 

370 

240 

400 

520 

(Vin  -  10.25  Vdc) 

370 

180 

400 

520 

(Vin»+10Vdcl 

10 

610 

260 

660 

840 

IVin  "          Vdc)  Vss  -  0  Vdc 

610 

260 

660 

840 

(Vin  -  +5.6  Vdc) 

610 

310 

660 

840 

(Vin  "  +1S  Vdc) 

15 

370 

260 

400 

520 

(Vin  ■  +0.25  Vdc)  Vss  1  0  Vdc 

370 

260 

400 

520 

(Vin  "  +9-3  Vdc) 

370 

300 

400 

520 

A  "ON"  Resiitanco 

fiHON 

Ohms 

Between  any  2  circuits  in  a  common 

package 

IVc  "  VDD> 

(Vin  -  15.0  Vdc)  Vss  "  ~s  Vdc 

5.0 

15 

(Vin  «  ±1S  Vdc)  Vss  "  -7-5  Vdc 

7.5 

10 

Input/Output  Leakage  Current  (Vc  ■  Vss> 

MAdc 

(Vin  -  +7.6.  Vout  -  -7.5  Vdc) 

7.5 

±0.100 

100015 

±0.100 

1 1.0 

(Vin  -  -7.5.  Vout  -  +7J5  Vdc) 

7.5 

10.100 

±0.0015 

±0.100 

±1.0 

*T|ow  -  -55°C  for  AL  Device,  -40°C  lor  CL/CP  Device.  NOTE:  All  unused  inputs  must  be  returned  to  Vqq  or  Vgg  as 

Thigh  *  +125°C  for  AL  Device,  +85°C  tor  CL/CP  Device.  appropriate  for  the  circuit  application. 

#0ata  labelled  "Typ"  is  not  to  be  used  tor  design  purposes  but  is  intended  as  an  indication  ot  the  iC's  potontial  porformance 
"For  voltage  drops  across  the  switch  (AV3Wjtcn)  >600  mV  (>300  mV  at  high  temperature),  excessive  Vqd  current  may  be  drawn;  i.e..  the 
current  out  of  the  switch  may  conlain  both  Vqq  and  switch  input  components.  The  reliability  of  the  device  wilt  be  unaffected  unless  the 
Maximum  Ratings  arc  exceeded.  (See  first  page  of  this  data  sheet.)  Relerence  Figure  14. 
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ELECTRICAL  CHARACTERISTICS*  (CL  -  50  PF.  TA  .  JS  C) 


Characteristic 

Figure 

Symbol 

V00 
Vdc 

Mln 

Typ  # 

Max 

Unit 

Propagation  Delay  Time  (Vss  "  0  Vdc) 
Vi„  to  «out 

(VC-VDD,RL-'OI<nl 

7 

'PLH, 
«PHL 

S.O 
10 
IS 

15 
7.0 
6.0 

45 
15 
12 

ns 

1 

Control  to  Output 

IVin<  10Vdc.HL-  1.0  km 

8 

'PH2- 
'PLZ- 
'PZH- 
'PZL 

6.0 
10 
15 

- 

34 
20 
15 

SO 
45 
35 

ns 

Croutalk,  Control  to  Output  (Vss  "  0  vdcl 
(VC  -  VDD>  Rin  -  1.0  kU.  Rou,  -  10  ktl. 
1-  1kHz) 

9 

S.O 
10 
15 

- 

30 
50 
100 

- 

mV 

Croistolk  between  any  two  twitches  (Vss  "  0  Vdc) 
IRL  ■  I.Okfl.l-  1.0  MHz, 
Voutl 

c routs' k  *  20  lOQiQ  i 
vout2 

5.0 

-80 

dB 

Noise  Voltage  IVSS  -  0  Vdc) 
(VC-VDD>I-  100  Hi) 

10.11 

S.O 
10 
15 

- 

24 
25 
30 

- 

nV/v/Cycle 

IVC-  V00  l-  lOOkHil 

S.O 
10 
•IS 

- 

12 
12 
15 

- 

Second  Harmonic  Distortion  (Vgg  =  -5  Vdc) 
(Vln  -  1 .77  Vdc  RMS  Centered  9  0.0  Vdc. 
RL-  lOkn.f  •1.0kHz) 

S.O 

0.16 

% 

Insertion  Lou  (Vc  -  VDDi  Vin  -  1.77  Vdc,  Vss  *  "5  Vdc, 
RMS  centered  -  0.0  Vdc,  1  -  1 .0  MHz) 

12 

- 

S.O 

- 

dB 

lloM-Mlogio^-'l 
m 

(R|_  ■  1.0  kft) 
(RL  - 10  ktl) 
IRL  -  too  km 

(R|_  -  1.0  MRI 

- 
- 

2.3 
0.2 
0.1 
0.05 

- 
- 

Bandwidth  (-3  dB) 

(VC  -  VDOi  Vin  -  1.77  Vdc.  Vss  "  "S  Vdc. 
RMS  centered  <?  0.0  Vdc) 
(R|_ "  1-0  kfll 

(Rl  ■  ioknl 

(RL-100km 
(RL-  1.0  MR) 

12.13 

BW 

5.0 

— 

54 
40 
38 
37 

MHz 

OFF  Channel  Foodthrough  Attenuation  (Vgg  =  -  5  Vdc) 

S.O 

kHz 

(VC  -  Vss,  20  losio^L'  "  -SO  dB) 
vin 

(Rl  *  i.o  kn) 
(Rl  ■  io  knl 

(RL-  100  kO) 
(Ru-I.OMn) 

1250 
140 
18 
2.0 

#Data  labelled  "Typ"  is  not  1o  bo  used  for  design  purposes  but  is  In- 
tended as  an  indication  01  the  ICS  potential  performance. 


PCN  ASSIGNMENT 

 <J  

In  1  VOD 
Out  1  Control  1 
Out  2  Control  4 
In  2  In  4 

Control  2  Out  4 
Control  3  Out  3 
VSS  In  3 


3  14 

1  13 
312 
3  11 
3  10 
)9 
38 
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FIGURE  1  -  INPUT  VOLTAGE 
TEST  CIRCUIT 


V|L:  vc  is  raised  (torn  Vgg  until  Vc  =  V|L. 

at  VC  =  V|L:  IS  -  i  10  KA  with  Vin  -  Vss.  Voll,  =  VDD  or  V,n  --  VDD.  Vou,  -  Vss. 

V(n-  When  Vq  =  V(h  to  Vdd-  *ne  switch  is  ON  and  the  Hqn  specifications  are  met. 


TYPICAL  Ron*w«"  INPUT  VOLTAGE 


FIGURE  4  -  Vss  *  -5-0  V  AND  -7.5  V 


I 

t.  . tear 

VQ  ■  VQQ  -  9.U  VOC 

vc 

■V00"'5VK 

c   

vs. 

•-75 

V* 
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FIGURE  5  —  Vss  ■  0  V 
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FIGURE  14  —  AV  ACROSS  SWITCH 
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APPLICATIONS  INFORMATION 


Figure  A  illustrates  use  of  the  Analog  Switch.  The 
0-to-5  V  Digital  Control  signal  is  used  to  directly  con- 
trol a  5  Vp.p  analog  signal. 

The  digital  control  logic  levels  are  determined  by 
Vdd  and  Vss-  The  Vqq  voltage  is  the  logic  high  volt- 
age; the  Vss  voltage  is  logic  low.  For  the  example, 
VDD  =  +5V  =  logic  high  at  the  control  inputs;  Vss 
=  GND  =  OV  =  logic  low. 

The  maximum  analog  signal  level  is  determined  by 
Vqq  and  Vss-  The  analog  voltage  must  not  swing 
higher  than  Vqq  or  lower  than  Vss- 


The  example  shows  a  5  Vp.p  signal  which  allows  no 
margin  at  either  peak.  If  voltage  transients  above  Vqq 
and/or  below  Vss  are  anticipated  on  the  analog  chan- 
nels, external  diodes  (Ox)  are  recommended  as 
shown  in  Figure  B.  These  diodes  should  be  small  sig- 
nal types  able  to  absorb  the  maximum  anticipated  cur- 
rent surges  during  clipping. 

The  absolute  maximum  potential  difference  be- 
tween Vqq  and  Vss  is  18.0V.  Most  parameters  are 
specified  up  to  15V  which  is  the  recommended  maxi- 
mum difference  between  Vqq  and  Vss. 


FIGURE  A  —  APPLICATION  EXAMPLE 
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DECADE  COUNTER 

The  MC14017B  is  a  tive-stage  Johnson  decade  counter  with  built-in 
code  converter.  High  speed  operation  and  spike-free  outputs  are  obtained 
by  use  of  a  Johnson  decade  counter  design.  The  ten  decoded  outputs  are 
normally  low.  and  go  high  only  at  their  appropriate  decimal  time  period. 
The  output  changes  occur  on  the  positive-going  edge  ol  the  clock  pulse. 
This  part  can  be  used  in  frequency  division  applications  as  well  as  decade 
counler  or  decimal  decode  display  applications. 

•  Fully  Static  Operation 

•  DC  Clock  Input  Circuit  Allows  Slow  Rise  Times 

•  Carry  Out  Output  lor  Cascading 

•  Divide-by-N  Counting 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin-for-Pin  Replacement  for  CD4017B 


MAXIMUM  RATINGS*  (Voltage 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-  0  5  to  *  1 8  0 

V 

V,n-  Vou, 

Input  or  Oulpul  Voltage  (DC  or  Transient) 

-0  5  to  VDD  *  0  5 

V 

'in-  'oul 

Input  Of  Output  Current  (DC  or  Transient),  per  Pin 

=  10 

mA 

pD 

Power  Dissipation,  per  Package! 

5Q0 

mW 

Tsia 

Slorage  Temperature 

-65  10  -  150 

"C 

n 

Lead  Temperature  (8-Second  Soldering) 

260 

■c 

"Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
T  Temperature  Derating    Plastic  'P   Package   -  12mW/°C  from  65'C  to  85eC 

Ceramic  "L"  Package   -  12mW/'C  from  lOO'C  to  125*C 


LOGIC  DIAGRAM 
OS  01  07  03 


13 


jJJJJ 


LE~~3_ 


Lit-!-, 


0  0  0  0 
Jt  ±  3.  JL 


Carry 


MC14017B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOSI 

DECADE  COUNTER 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE         PLAST.C  PACKAGE 
CASE  SJO  CASE  648 

ORDERING  INFORMATION 

A  Sorios:  -55*C  (o  +  125"C 

MC  MXXXBAL  (Co/amic  Package  Only) 

CSorios;  -<10*Clo  +  85'C 

MCUXXXBCP  (Plastic  Package) 
MC14XXXBCL  (Coramic  Package) 


FUNCTIONAL  TRUTH  TABLE 
(Poi'tivf  Logicl 


CLOCK 

DECODE 

CLOCK 

ENABLE 

RESET 

OUTPUT ■ n 

0 

X 

0 

X 
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X 
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ELECTRICAL  CHARACTERISTICS  <voiiagea  Roioronced  10  vss) 


vOD 

25°C 

Th«h* 

Characteristic 

Symbol 

Vdc 

Mm 

Mas 

Min 

Typo 

Max 

Min 

Max 

Unit 

Output  voltage              "0"  Level 

vol 

5.0 

0  05 

0 

0.05 

0.05 

Vdc 

vin  =  Vqq  or  0 

10 

0.05 

0 

0.05 

0.05 

15 

0.05 

0 

0.05 

0  05 

"1"  Level 

VOH 

5.0 

4.95 

4.95 

5.0 

4.95 

Vdc 

Vin  =  0  or  Vnn 
in 

10 

9  95 

9.95 

10 

9.95 

15 

14.95 

14.95 

15 

14.95 

Input  Voltage                      "0"  Level 

VIL 

Vdc 

(Vq  =  4.5  pr  0.5  Vdc) 

5.0 

1 .5 

2.25 

1 .5 

z 

1 .5 

(Vo  =  9.0  or  1 .0  Vdc) 

10 

3.0 

4.50 

3.0 

3.0 

(V0  -  13  5  or  1.5  Vdc) 

15 

_ 

4.0 

„ 

6.75 

4.0 

4.0 

"1"  Level 

V|H 

(V0  -  0.5  or  4.5  Vdc) 

SO 

3.5 

3.5 

2.75 

_ 

3  b 

_ 

Vrtc 

(V0  =  1.0  or  9.0  Vdc) 

10 

7.0 

_ 

7.0 

5.50 

_ 

7.0 

_ 

(Vo  -  1.5  or  13.5  Vdc) 

15 

110 

_ 

1 1.0 

B.25 

11.0 

_ 

Output  Drive  Current  tAL  Oevice) 

'OH 

mAdc 

(VOH  -  2.5  Vdc)  Source 

5.0 

-3.0 

-2.4 

-4.2 

—  1 .7 

(V0H  -  4.6  Vdc) 

5.0 

-0.64 

_ 

-0.51 

-0.88 

_ 

-0.36 

(V0H  -  9-5  Vdc) 

10 

-1.6 



-1.3 

-2.25 



-0.9 

_ 

(vOH  =  I3-5  Vdc) 

15 

-4.2 

— 

-3.4 

-8.8 

- 

-2.4 

- 

(Vql  =  0.4  Vdc)  Sink 

'OL 

S.O 

0.64 

_ 

051 

0.88 

- 

0.36 

- 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.6 

- 

1.3 

2.25 

- 

0.9 

- 

(Vol  -  i  s  vdc) 

15 

4.2 

— 

3.4 

8.8 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

(vOH  -  z-5  »dc)  Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

-1.7 

— 

{Vqh  =  4  6  Vdc) 

5.0 

-0.52 

— 

-0.44 

-0.88 

-0.36 

(VOH  =  9.5  Vdc) 

10 

-1.3 

-1.1 

-2.25 

-0.9 

(V0H  =  13.5  Vdc) 

15 

-3.6 

—  3.0 

-8.8 

-2.4 

— ;  

'OL 

0.52 

0.44 

0.88 

0.36 

(Vql  =  0.5  vdc) 

10 

1.3 

1.1 

2.25 

0.9 

(Vol  =  15  vdc) 

15 

3.6 

3.0 

88 

2  4 

- 

Input  Current  (AL  Device  I 

'in 

15 

— 

tO  1 

!0  00001 

iO.I 

*  1.0 

— Art — 
—  — 

Input  Current  (CL/CP  Oevice) 

'in 

15 

— 

•03 

20  00001 

103 

- 

?1.0 

"AdC 

Input  Capacitance 

Cin 

~ 

— 

_ 

50 

7.5 

— 

— 

pF 

(Vjn  =  0) 

Quiescent  Current  (AL  Device) 

■  OD 

5.0 

50 

0.005 

50 

150 

vAdc 

(Per  Package! 

10 

10 

0.010 

10 

300 

15 

20 

0.01S 

20 

600 

Quiescent  Current  (CL/CP  Device) 

'DD 

5  0 

20 

0.005 

20 

ISO 

uAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current*  *  1 

'T 

5.0 

lT  "  (0.27  uA/kHl)  f  +  |0D 

MAdc 

(Dynamic  plus  Quiescent. 

10 

lT  -  10.55  uA/kHz)  f  +  lDD 

Per  Package) 

15 

It  "  10.83  it  AflcHz)  f  ♦  Idd 

ICl  -  50  pF  on  all  outputs,  all 

buffers  switching) 

"Tlow  -  -  55*C  (or  AL  Oovico.  -  40*C  for  CL/CP  Dovico. 
Thigh"  +  125*C  lor  AL  Oevico.  +65*C  for  CL/CP  Device 

#Data  labelled  "Typ"  is  not  to  bo  used  lor  design  purposes  but  is 
intended  as  an  indication  o1  Ihe  IC's  polontial  porlormance. 

"The  formulas  given  are  lor  the  typical  characteristics  only  at  25*C 


tTo  calculQlo  total  supply  curronl  al  loads  alhor  than  50  pF; 

't(Cl)  -  't(50  Pp)  +  (Cl  -50)  v'* 


where-  ly  is  in  t*A  (per  package).  Cl  in  pF.  V  -  (Vqd-Vss)  in  volts, 
f  in  kHz  is  input  frequency,  and  k  -  0  001 1 


This  device  contains  protection  circuitry 
to  guard  against  damage  due  to  high 
sialic  voltages  or  electric  fields.  How- 
ever, precautions  must  be  taken  to 
avoid  applications  of  any  voltage  higher 
than  maximum  rated  voltages  to  this 
high-impedance  circuit.  For  proper  op- 


eration. Vfn  and  VOU[  should  be  con- 
strained to  the  range  Vgs  <  (Vin  or 
Voul)  «  VD0- 

Unused  inputs  must  always  be  tied  to  an 
appropriate  logic  voltage  level  (e.g..  ei- 
ther V§s  or  VDD)  Unused  outputs  must 
be  left  open. 


PIN  ASSIGNMENT 


V/  

Q5 

V0D 

— :  16 

Ol 

Rosol 

=1  15 

Q0 

Clock 

=3  14 

4  C= 

Q2 

Cl 

=J  13 

5  C= 

06 

Com 

=1  12 

6  t= 

Q7 

Q9 

11 

7 

Q3 

Q4 

=>10 

8  C= 

VSS 

Q8 

=3  9 
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SWITCHING  CHARACTERISTICS*   <CL  -  50pF.TA  -  25°C) 


Characteristic 

Symbol 

Vdc 

Men 

Typ# 

Max 

Unit 

Output  Rfso  and  Fall  Ttme 
*TLH>  *THL  "  0-5  na/pF)  C|_  +  25  na 

•TLH- 
■THL 

5.0 

— 

100 

200 

ns 

■TLH'  «THL  "  (°-75  ns/pF)  Cl  +  12.5  ns 

10 

— 

50 

100 

■TLH-  -THL  "  (0-55  ns/pF)  CL  +  9.5  ns 

15 

— 

40 

80 

PfopsQdtion  Delay  Time 

*PLH, 

ns 

Reset  to  Decade  Output 

'PHL 

,PLH,  'PHL  "         ns/pr  J  C|_  ♦  415  ns 

5.0 

500 

1000 

'PLH  *PHL  *  10.66  ns/pF)  C|_  +  197  ns 

10 

230 

460 

'PLH  *PHL  "  ^0.5  ns/pF)  Cj_  +  150  ns 

15 

175 

350 

Propagation  Delay  Time 

'PLH, 

ns 

Clock  to  Cout 

'PHL 

'PLH,  'PHL  *  11-7  ns/pF)  Cl  ♦  3l5  ns 

5.0 

— 

400 

800 

'PLH,  'PHL  "  10.66  ns/pF)  C|_  ♦  142  ns 

10 

— 

175 

350 

'PLH,  'PHL  *  10-5  ns/pFI  C(_  ♦  100  ns 

15 

— 

125 

250 

Propagation  Delay  Time 

'PLH, 

ns 

Clock  to  Decode  Output 

'PHL 

'PLH,  <PHL  "  *1,7  n*'pF)  C(_  +  415  ns 

5.0 

— 

500 

1000 

'PLH,  'PHL  '  10.66  ns/pFr  C(_  +  197  ns 

10 

230 

460 

'PLH,  'PHL  *"  10.5  ns/pF)  C^  +  150  ns 

1 5 

— 

175 

350 

Turn-Off  Delay  Time 
Reset  to  Cqui 

'PLH 

ns 

tm  u  £  11  7  nf  JnFk  Pi    1  lie  na 

•PLH     * '  ■  *  n*/pr  t    L     JI3  nj 

5.0 

400 

800 

ipLH     lU-OO  ns/pr  i  1,^^  t  ns 

10 

175 

350 

tPLH  E  (0.5  ns/pF)  Cl  +  100  ns 

15 

125 

250 

Plrwfc  Ptiluk  UUiritH 

i*iock  ruiK  Tviuin 

'w(H) 

o.O 

250 

125 

~ 

ns 

10 

100 

50 

15 

75 

35 

Clock  Frequency 

'cl 

5.0 

5.0 

2.0 

MHz 

10 

12 

5.0 

15 

16 

6  7 

Reset  Pulse  Width 

fw(H) 

5.0 

500 

250 

ns 

10 

250 

125 

15 

ISO 

95 

Reset  Removal  Time 

'rem 

5.0 

750 

375 

ns 

10 

275 

135 

15 

210 

105 

Clock  Input  Rise  and  Fall  Time 

'TLH- 
•THL 

5.0 
10 
15 

No  Limit 

Clock  Enable  Setup  Time 

'su 

5.0 

350 

17S 

ns 

10 

150 

75 

15 

115 

52 

Clock  Enable  Removal  Time 

'rem 

5.0 

420 

260 

ns 

10 

200 

100 

15 

140 

70 

"The  formulas  atvon  mo  tor  tho  typical  characteristics  only  at  2S*C. 


#0ata  labelled  "Typ"  la  not  to  bo  uaod  for  design  purposes  but  is 
Intended  as  an  Indication  of  the  IC'a  potential  performance. 


6-56 


MC14017B 


FIGURE  1  -  TYPICAL  OUTPUT  SOURCE  ANO  OUTPUT  SINK  CHARACTERISTICS 
TEST  CIRCUIT 
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FIGURE  2  -  TYPICAL  POWER  DISSIPATION  TEST  CIRCUIT 
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APPLICATIONS  INFORMATION 

Figure  3  shows  a  technique  for  extending  the  number  of  decoded  output  states  for  the  MC14017B.  Decoded 
outputs  are  sequential  within  each  stage  and  from  stage  to  stage,  with  no  dead  time  (except  propagation  delay). 

FIGURE  3  -  COUNTER  EXPANSION 
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PRESETTABLE  DIVIDE-BY-N  COUNTER 

The  MC14018B  contains  five  Johnson  counter  stages  which  are 
asynchronously  presettable  and  resettable.  The  counters  are  syn- 
chronous, and  increment  on  the  positive  going  edge  of  the  clock. 

Presetting  is  accomplished  by  a  logic  1  on  the  preset  enable  input. 
Data  on  the  Jam  inputs  will  then  be  transferred  to  their  respective 
0  outputs  (inverted).  A  logic  1  on  the  reset  input  will  cause  all 
□  outputs  to  go  to  a  logic  1  state. 

Division  by  any  number  from  2  to  10  can  be  accomplished  by 
connecting  appropriate  Q  outputs  to  the  data  input,  as  shown  in 
the  Function  Selection  table.  Anti-lock  gating  is  included  in  the 
MC140188  to  assure  proper  counting  sequence. 

•  Fully  Static  Operation 

•  Schmitt  Trigger  on  Clock  Input 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Scholfky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin  for-Pin  Replacement  for  CD4018B 


MC14018B 


CMOS  MSI 

ILOW  POWER  COMPLEMENT  ARY  MOSI 

PRESETTABLE 
DIVIDE-BY-N  COUNTER 


L  SUFFIX 
CF.RAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -55*Clo  +  I25'C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40'CIO  +  8S'C 
MC14XXXBCP  (Plastic  Package) 
MCI4XXXBCL  (Ceramic  Package) 


MAXIMUM  RATINGS'  (Vollagos  Rolorenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-  0  5  to  +18  0 

V 

V,n-  Vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vqd  +05 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

r  10 

mA 

PQ 

Power  Dissipation,  per  Packaget 

500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

•c 

*L 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
tTemperature  Derating   Plastic  "P   Package   -  i2mW/'C  from  65*C  to  85"C 

Ceramic  "L"  Package  -  i2mW/'C  tram  100°C  to  125*C 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to 
high  static  voltages  or  electric  lields  However,  precautions  must  be 
taken  to  avoid  applications  ol  any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For  proper  operation.  Vjn  and 
vout  should  be  constrained  to  the  range  Vss  =s  (Vjn  or  Vout)  «;  Vqq 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level 
(e.g..  either  Vss  or  ^DD)  Unused  outputs  must  be  left  open. 


FUNCTIONAL  TRUTH  TABLE 


Jam 
Input 


'Dn  tne  Data  input  for  that  itjge  Stage  1  Hai 
Dara  brought  out  to  Pin  1 , 


PIN  ASSIGNMENT 

— u — 


Din 
Jem  1 
Jem  2 

Q2 
Ol 
Q3 

Jem  3 

«SS 


S4 

PC 


Jem  4  9 


IS 

nbzi  li 

C  =1  14 
55(=|13 
13 
11 
10 
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ELECTRICAL  CHARACTERISTICS  (voiiages  Referenced  to  vss) 


V0d 

Me 

m 

25°C 

Titian" 

Characteristic 

Symbol 

VrJc 

Min 

Max 

Min 

Typo 

Max 

Min 

Man 

Unit 

Outpul  Voltage               "0"  Level 

v0L 

5.0 

- 

0.05 

0 

0.05 

0.05 

Vdc 

V,n  =  VODO'0 

10 

— 

0.05 

_ 

0 

0.05 

_ 

0.05 

15 

- 

0.05 

_ 

0 

0  05 

0.05 

"1"  Level 

voh 

5.0 

4.95 

- 

4.95 

5.0 

4.95 

Vdc 

V,„  -  0  0.  VD0 

10 

9.95 

- 

9  95 

10 

9.95 

15 

14.95 

— 

14.95 

15 

_ 

14.95 

_ 

Input  Voltage                    "0"  Level 

VfL 

Vdc 

IV0  -  4.5  or  O  S  Vdcl 

SO 

_ 

1.5 

2.25 

1.5 

1.5 

IVo-90or  1.0  Vdcl 

10 

_ 

3.0 



4.50 

3.0 

3.0 

(VQ-  13.5  or  1  5  Vdcl 

15 

- 

4.0 

_ 

6  75 

4.0 

_ 

4.0 

"1"  Level 

VfH 

(V0  -  0.S  or  4.5  Vdcl 

5.0 

3  5 

- 

3  5 

2.75 

_ 

3.5 

_ 

Vdc 

(Vq  -  1.0  or  9.0  Vdcl 

10 

7.0 

— 

7.0 

5.50 

_ 

7.0 

— 

<Vo-  1  5  or  13.5  Vdcl 

15 

11.0 

— 

11.0 

8.25 

— 

11.0 

— 

Output  Drtve  Current  IAL  Device) 

■OH 

mAdc 

(Vqh  =  2  6  Vdc)  5ource 

5.0 

-3.0 

— 

-2.4 

-4.2 

_ 

-1.7 

_ 

(V0H  =4.6  Vdcl 

SO 

-0.64 

— 

-0.51 

-0.88 

— 

-0.36 

- 

(Vqh  "9  5  V«cl 

10 

-1.6 

— 

-1.3 

-2.25 

— 

-0.9 

— 

(Vqh  "13.5  Vdcl 

IS 

-4.2 

-3.4 

-8.8 

- 

-2.4 

- 

(Vol  °°  4  Vdcl  Sink 

'OL 

5.0 

0.64 

051 

0.88 

- 

0.36 

- 

mAdc 

(VOL  -0.5  Vdcl 

10 

1.6 

13 

2.25 

- 

0.9 

- 

(Vql  »1.S  Vdcl 

15 

4.2 

3  4 

8  8 

2.4 

— 

Output  Drive  Current  ICL/CP  Devtce) 

'OH 

mAdc 

(Vqh  —      voci  source 

5  0 

-2.5 

-2.1 

•4.2 

-1 .7 

— 

(Vqh  =  4.6  Vdcl 

5.0 

-0.62 

-0.44 

-0.88 

-0.36 

(Vqh  d  9.5  Vdcl 

10 

-13 

-1.1 

-2.25 

-0.9 

IVnu  a  13  5  Vdcl 

15 

-3.6 

-3  0 

-8  8 

-2  4 

(Vm  afiAMMri  Sink 

l  VQI        V.H  Vubl  Jin* 

'OL 

5.0 

0.52 

0.44 

0.88 

_ 

0.36 

_ 

ivql  =°-5  vdcl 

10 

1.3 

1.1 

2.25 

0  9 

(v0l  =  '5  vdcl 

15 

3.6 

_ 

3.0 

8.8 

2  4 

Input  Current  (AL  Oevice) 

•in 

15 

1 0  1 

•- 0  00001 

:0  1 

1 1  0 

Input  Current  (CL/CP  Device) 

•in 

15 

t  0  3 

10.00001 

:0.3 

— 

!  1  □ 

input  Cepecitsnce 

Cin 

— 

— 

50 

7.5 

— 

— 

Of 

(Vin  =  01 

Quiescent  Current  (AL  Devtcel 

■dd 

5  0 

— 

b  0 

0.005 

5.0 

150 

MAdc 

IPer  Package) 

10 

10 

0.010 

10 

300 

IS 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

'DD 

50 

20 

0.005 

20 

ISO 

MAdc 

(Per  Pscksgel 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current*  *  t 

it 

50 

lT  -  10.3  vA/kHll  1  +  |qq 

MAdc 

(Dynamic  plus  Quiescent, 

10 

lT  -  (0.7  tlA/kHz)  f  +  Iqq 

Per  Package) 

15 

lT-(1.0(iA/kHzH+  IDD 

<C(_    50  pF  on  all  output*,  all 

buffers  switching) 

"TIOw  "  ~  55*C  'Of  AL  Device.  -  40*C  (or  CL/CP  Dovico. 
Thtgh"  +125*C  lor  AL  Oovice,  +85"C  for  CL/CP  Device. 

#Data  labelled  "Typ"  i»  not  to  do  used  lor  dosign  purposes  but  is 
intended  as  an  indication  ol  Iho  IC's  potential  performance. 

"The  formulas  given  aio  lor  the  lypical  characteristics  only  al  25*C. 


tTo  catculato  total  supply  current  at  loads  other  than  50  pF 

It,Cl)  =  lT(50  pF)  +  (CL  -50)  Vlk 

where:  l*f  is  in  |»A  (per  package).  C|_  in  pF.  V  -  (Vrjrj- Vgg)  in  volts, 
t  in  kHz  is  input  frequency,  and  k  -  0.001 
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SWITCHING  CHARACTERISTICS*  <CL  -  SO  pF.  TA  =  25°C> 


vD0 

All  Types 

Characteristic 

Symbol 

Vdc 

Men 

Typ  ff 

Max 

Unit 

Output  Rise  and  Fait  Time 

*TLH,  *THL 

ns 

'TLH.'THL-  11.35  ni/pFI  CL*  32n« 

5.0 

100 

200 

'TLH,  <THL  =  (0.6  ni/pF)  C|.  +  20  ns 

10 

50 

100 

tTLH,  lTHL"  (0-4  ns/pF)  Cl  +  20  ns 

15 

40 

80 

Propagatipn  Delay  Time 

 *PLH  

ns 

Clock  to  Q 

*PHL 

IPLH-'PHL  "  10  90  ns/pF)  CL  +  265  ns 

S.O 

310 

620 

IpLH.'PHL  ~  10.36  ns/pF)  CL  ♦  102  ns 

10 

— 

120 

240 

'PLH.'PHL  *  '°-26  »»/pFt  Cl  ♦  ?2  ns 

15 

— 

85 

170 

Reset  to  Q 

ns 

'PLH  =  I0-90  n«/PFI  Cl  +  325  ns 

5.0 

— 

370 

740 

tpLH  *  (0.36  ns/pF)  Cl  +  132  ns 

10 

ISO 

300 

'PLH  "  10  26  "s/PFI  Cl  *  SI  ns 

15 

100 

200 

Preset  Enable  to  Q 

ns 

IPLH  'PHL  "  10.90  ns/pF)  Cl  +  325ns 

5.0 

370 

740 

'PLH.'PHL  "  W.36  ns/pF)  Cl  +  1 32  nj 

10 

_ 

150 

300 

IPLH.'PHL  =  (0.26  ns/pF)  Cl  +  81  ns 

15 

- 

100 

200 

Setup  Time 

<su 

ns 

Data  (Pin  1 )  to  Clock 

5.0 

200 

0 

10 

100 

0 

— 

80 

0 

— 

Jam  Inputs  to  Preset  Enable 

 —  

5.0 

200 

0 

- 

ns 

10 

100 

0 

- 

15 

80 

0 

— 

Data  (Jam  Inputs) -to-Preset 

'h 

5.0 

540 

270 

-- 

Enable  Hold  Time 

10 

500 

250 

— 

15 

480 

240 

— 

UiOCK  ruise  main 

<WH 

 50  

400 

200 



ns 

10 

200 

100 

160 

80 

*WH 

5  0 

290 

145 

ns 

Pulse  Width 

10 

130 

65 

15 

110 

55 

Clock  Rise  and  Fall  Time 

'TLH,  «THL 

S.O 

ns 

10 

No  Limit 

15 

Clock  Pulse  Frequency 

•cl 

MHz 

S.O 

2.5 

1.25 

10 

6.5 

3.25 

15 

8.0 

4.0 

*Tho  formulas  given  are  for  typical  characteristics  only  al  2SSC. 

#Data  labelled  "Typ"  is  not  to  be  usod  for  doslgn  purposes  but  Is  Intondod  as  an  Indication  of  the  tC's  polontial  performance. 


FIGURE  1  -  SWITCHING  TIME  WAVEFORMS 


Any  Output 
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Preset  Enable 


TIMING  DIAGRAM 
(Q5  Confwctod  to  Data  Input) 
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M- 

FUNCTION  SELECTION 


Connect 

Counter 

Data  Input 

Mods 

(Pin  »to: 

Comments 

Divide  bv  10 

OS 

Divide  by  8 

04 

No  external 

Divide  by  6 

03 

components  needed. 

Divide  by  4 

02 

Divide  by  2 

01 

Divide  by  9 

Q5«  Q4 

Gete  peckeoe 

Divfds  by  7 

Q4  e  Q3 

needed  to  provide 

Divide  by  5 

03*02 

AND  function 

Divide  by  3 

02*  Q1 

Counter  Skips  atl 

1's  state 

LOGIC 
DIAGRAM 


Pr*Mt  Enabla  10 


,Y  J  .Y  I  J 


Q1  Q2 


03  Q4 
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14-BIT  BINARY  COUNTER 

The  MC14020B  14-stage  binary  counter  is  constructed  with  MOS 
P-channel  and  N-channel  enhancement  mode  devices  in  a  single  mon- 
olithic structure.  This  part  is  designed  with  an  input  wave  shaping 
circviit  and  14  stages  of  ripple-carry  binary  counter.  The  device 
advances  the  count  on  the  negative-going  edge  of  the  clock  pulse. 
Applications  include  time  delay  circuits,  counter  controls,  and  fre- 
quency-dividing circuits. 

•  Fully  Static  Operation 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  -  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Buffered  Outputs  Available  from  stages  1  and  4  thru  14 

•  Common  Reset  Line 

•  Pin-for-Pin  Replacement  for  CD4020B 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vgg) 


"Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Package:  -  12mW/°C  from  6S'C  to  85'C 

Ceramic  "L"  Package:  -  12mW/"C  from  100"C  to  12S'C 


Symbol 

Parameter 

Value 

Unit 

Vqd 

DC  Supply  Voltage 

-0.5  to  +  18.0 

V 

vin.  Vou, 

input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vdo  +0-5 

V 

'in*  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

5:10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

Tstn 

Storage  Temperature 

-65  to  -r  150 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOS] 

14-BIT  BINARY  COUNTER 


L  SUFFIX 
CERAMIC  PACKAGE 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series:  -55*C  10  +  125*C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40"Cto  +  8S*C 
MCI4XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


TRUTH  TABLE 


CLOCK 

RESET 

OUTPUT  STATE 

0 

No  Change 

0 

Advance  to  next 
state 

X 

1 

All  Outputs  are  low 

LOGIC  DIAGRAM 


3> 


c  a 

— •  C 

c  a 

c  6 

R 

c  a 

R 

1  

Q4  OS 

w 

-*-<  C       Q  — *-  - 


Q12  Q13  Q14 

Ol  02  03 


c  5 
n 


— c 

c  a 

c  a 

c  o 

c  o 

R 

C  Q 
R 

c 

R 

Q6  -  Pin  4 
Q7  -  Pin  6 
Q8  -  Pin  13 


Q9  -  Pin  12 
DlO  -  Pin  14 
Q1  1  =  Pin  15 


VOD  -  Pin  16 
Vgg   -  Pin  S 
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ELECTRICAL  CHARACTERISTICS  (Voiiaoos  Reiorencca  10  vss> 


Tlow* 

2S°C 

Thich* 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Mtn 

Typ  # 

Max 

Min 

Max 

Unit 

VUlflil  w  vyl  (age                              \J  Level 

Ol 

5  0 

— 

0.05 

— 

0 

005 

— 

0  05 

C 

V/.      _    u__  ft-  ft 

vin  -  VDD  or  0 

10 

— 

005 

— 

0 

0  05 

— 

0  05 

15 

— 

0  05 

— 

0 

0  05 

— 

0  05 

"1"  Level 

VOH 

5.0 

4.95 

- 

4.95 

50 

- 

4  95 

- 

Vdc 

Vin  -  0  or  VDD 

10 

9.95 

— 

995 

10 

— 

9.95 

— 

15 

14.95 

— 

14  95 

15 

— 

14.95 

~ 

—  

Input  Vol  139c                       0  Level 

VIL 

rtc 

(Vq  -  4.5  or  0.5  Vdc) 

- 

1.5 

- 

2  25 

15 

- 

1  5 

(V0  -  9.0  or  1 .0  Vdc) 

10 

- 

3.0 

- 

4.50 

3.0 

- 

3  0 

(Vq  -  13.5  Or  1.5  Vdc) 

t5 

— 

4  0 

— 

6.75 

4  0 

— 

4  0 

"1 "  Level 

V|H 

5.0 

3.5 

— 

3  5 

2.75 

— 

3.5 

Vdc 

(V0  «  10  or  9.0  Vdc) 

10 

7  0 

7  0 

5.50 

7.0 

(V0  -  1.5  or  13.5  Vdc) 

15 

1 1.0 

1 1  0 

8.25 

1 1 .0 

Output  Dtive  Cuffcnl  (AL  Device) 

— |T  

'OH 

mAdc 

(^OH  =  2.5  Vdc)  Source 

5  0 

-3.0 

-2.4 

-4.2 

—  1 .7 

(Vqh  -  4.6  Vdc) 

50 

-0.64 

-0.51 

-0.88 

-0.36 

(V0H  -  9  5  v<<<:) 

10 

—  1  6 

—  1  3 

 2  25 

 Q  g 

(VOH  -  13.5  Vdc) 

15 

—  4.2 

—  3.4 

—  8.8 

—  2.4 

(Vql  "  0  A  vdc)  Sink 

*JL 

5.0 

0.64 

0.51 

0.88 

0.36 

mAdc 

(v0l  -  0  5  vdc> 

10 

1  3 

2  25 

0  9 

(v0l  -  i-5  V(l<:> 

15 

4.2 

3  4 

8.8 

2  4 

Output  Orive  Current  (CL/CP  Device) 

'OH 

mAdc 

(Vqh  -  2-5  Vdc)  Source 

5.0 

-2.5 

-2.1 

-4.2 



-1.7 

(V0H  -  4.6  Vdc) 

50 

-0.52 



-0.44 

-0.88 



-0.36 



(V0H  =  8.5  Vdc) 

10 

-1.3 

_ 

-1.1 

-2.25 

_ 

-0.9 

(V0H  "  13-5  Vdc) 

IS 

-3.6 

_ 

-3.0 

-8.8 

_ 

-2.4 



(Vql  -  0.4  Vdc)  Sink 

'OL 

5.0 

0.52 



0.44 

0  88 

_ 

0.36 

_ 

mAdc 

(Vol  -  °-s  vdc) 

10 

1.3 

1.1 

2.25 

09 

_ 

(Vql  -  1-B  v<<c) 

15 

3.6 

3.0 

8.8 

_ 

24 

_ 

Input  Current  IAL  Oevicel 

■in 

IS 

_ 

■  0  1 

1 0  000OI 

±0  1 

,_ 

±10 

jjAtlc 

Input  Current  ICL/CP  Device) 

'in 

IS 

t  0  3 

to  00001 

±03 

±1  0 

jjAdc 

Input  Capacitance 

C.„ 



5  0 

7.5 

pF 

<V,n-OI 

Quiescent  Current  (AL  Oevico) 

■dd 

5  0 

5  0 

0.005 

50 

150 

(Pet  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Ouiescenl  Currenl  ICL/CP  Device) 

<OD 

5  0 

20 

0.005 

20 

150 

(jAilc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current*  *t 

'T 

50 

lT  '  (0.42  uA/kH/l  1  <  |DD 

pAdc 

(Dynamic  plus  Qutesceni, 

10 

IT  m  (OBSuA/kHi)  1  •  l0D 

Per  Package) 

IS 

'T  ■  (1.43uA/kHi)  1  •  l00 

(Ci_  •  SO  pF  on  all  outputs,  all 

butters  swiichmg) 

*T[ow  m  -  55*C  lor  AL  Oevico.  -  40*C  lor  CL/CP  Device.  fTo  calculate  total  Supply  current  at  loads  oiher  than  SO  pF 

Thigh"  +  125*C  for  AL  Oovrco.  +  85*C  for  CL/CP  Device 

lT<CL)  =  'T(SOpF)  -  (CL  -S0)Vlk 

#Osla  labelled  "Typ"  is  not  to  be  used  for  design  purposes  but  is 
intended  as  an  indication  of  the  IC's  potential  performance  where  ij 's  in  nA  (per  package).  C|_  iri  pF.  v  "  (v00  ~  VSS* tn  vol,s 

1  in  kHz  is  inpul  frequency,  and  k  -  0  001 

"Trio  formulas  given  are  for  (he  typical  characteristics  only  at  25*C 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages 
or  electric  fields.  However,  precautions  must  be  taken  to  avoid  applications  of  any  voltage 
higher  than  maximum  rated  voltages  to  this  high-impedance  circuit.  For  proper  operation, 
V|n  and  Vout  should  be  constrained  to  the  range  V$s  «  <Vjn  or  VOU()  <  Vqq. 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vgg  or 
Vqo)-  Unused  outputs  must  be  left  open. 


PIN  ASSIGNMENT 
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SWITCHING  CHARACTERISTICS  (Cu-50  pF,  TA°2S'C) 


Characteristic 

Symbol 

vDd 
Vde 

Kin 

Typo 

Max 

Unit 

Output  Rise  and  Fall  Time 
TTLH.  TtHL  =  ('-5  na/pF)  CL  +  25  ns 
TTLH'  TTHL™(0-75  n8/pF)  Ci_+  12.5  ns 
Ttlh,  Tjhl-(0.55  ns/pF)  Cl  +  9.5  ns 

'TLH, 
«THL 

5.0 
10 

15 

- 

100 

so 

40 

200 
100 
80 

ns 

Propagation  Delay  Time 

Clock  to  Ol 
tpHL.  tpLH  "  I1-7  ns/pF)  C|_  +  175  ns 
<PHL'  'PLH  *  <0-66  ns/pF)  CL  +  82  ns 
'PHL-  'PLH  "  (0-5  ns/pF)  Cl  +  55  ns 

'PLH. 
'PHL 

5.0 
10 
15 

- 

260 
115 
B0 

520 
230 
160 

ns 

Clock  to  014 
tpHL-  tPLH  B  t1-7  18/pF)  C(_  +  1735  ns 
tpHL-  tpLH  "  V>.00  ns/pF)  C|_  +  772  ns 
'PHL-  'PLH  ■  (°-5  ns/pF)  C|_  +  535  ns 

5.0 
10 
15 

- 

1S20 
805 
S60 

3900 
1725 
1200 

ns 

Propagation  Delay  Time 

Reset  to  On 
tpHL  -  0-7  na/pF)  C|_  +  285  ns 
tpHL  =  (0.66  ns/pF)  Cl  +  1 22  ns 
*PHL  "  (°-5  ns/pF)  Cl  +  90  ns 

'PHL 

5.0 
10 
15 

370 
155 
115 

740 
310 
230 

ns 

Clock  Putsa  Width 

'WH 

5.0 
10 
15 

500 
165 
125 

140 
55 
38 

ns 

Clock  Pulse  Frequency 

'cl 

5.0 
10 
15 

2.0 
6.0 
8.0 

1.0 
3.0 
4.0 

MHz 

Clock  Rise  and  Fall  Time 

'TLH.  'THL 

5.0 
10 
15 

No  Limit 

Reset  Pulse  Width 

'WL 

5.0 
10 
15 

3000 
550 
420 

320 
120 
80 

ns 

Rasat  Removal  Time 

'ram 

5.0 
10 
15 

130 
50 
30 

65 
25 
15 

ns 

*Tho  formulas  givon  aro  lor  Iha  typical  characteristics  only  at  25*C. 
#0ata  tabollod  "Typ"  is  not  to  bo  usod  lor  dosign  purposos  but  Is 
intondod  as  an  indication  of  tho  IC's  potontlol  performance. 


FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT  AND 

WAVEFORM  WAVEFORMS 
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FIGURE  3  -  TIMING  DIAGRAM 
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OCTAL  COUNTER 

The  MC14022B  is  a  four-stage  Johnson  octal  counter  with  built-in 
code  converter.  High  speed  operation  and  spike-free  outputs  are  ob- 
tained by  use  of  a  Johnson  octal  counter  design.  The  eight  decoded 
outputs  are  normally  low,  and  go  high  only  at' their  appropriate  octal 
time  period.  The  output  changes  occur  on  the  positive-going  edge  of 
the  clock  pulse.  This  part  can  be  used  in  frequency  division  appli- 
cations as  well  as  octal  counter  or  octal  decode  display  applications. 

•  Fully  Static  Operation 

•  DC  Clock  Input  Circuit  Allows  Slow  Rise  Times 

•  Carry  Out  Output  for  Cascading 

•  Divide-by-N  Counting 

•  Supply  Voltage  Range  -  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin  for-Pin  Replacement  for  CD4022B 


MAXIMUM  RATINGS*  (Vollages  Relerenced  10  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDD 

DC  Supply  Voltage 

-0  S  to  *  18  0 

V 

V.n-  V0ul 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  VDd  +0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

^  10 

mA 

Pd 

Power  Dissipation,  per  Packaget 

500 

mW 

r... 

Storage  Temperature 

-65  to  +150 

•c 

Tl 

Lead  Temperature  (B-SeconcJ  Soldering) 

360 

•c 

'Maximum  Raltngs  are  those  values  beyond  which  damage  lo  the  device  may  occur 
t  Temperature  Derating:  Plastic  "P"  Package:  -l2mW/*C  Irom  65'C  to  85*C 

Ceramic  "L"  Package  -  12mW/"C  Irom  100'C  to  125'C 


LOGIC  DIAGRAM 
11  1 


SMS 


15 


.->r> 


-cC  _ 


— 


MC14022B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOSI 

OCTAL  COUNTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  820 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -55"C  to  +  125*C 

MCUXXXBAL  (Ceramic  Package  Only) 

C  Series:  -40'C  lo  +85"C 

MC14XXXBCP  (Plastic  Packago) 
MCI4XXXBCL  (Ceramic  Package) 


FUNCTIONAL  TRUTH  TABLE 
(Positive  Logic) 


CLOCK 

clock" 

ENABLE 

RESET 

OUTPUT  *  n 

O 

X 

0 

X 

1 

0 

0 

O 

n*  1 

X 

0 

1 

0 

n»  1 

X 

0 

X 

X 

1 

00 

X     DPfl'i  C#rt 


il  n<Tfl  Carry  *  ' .  OlhrwiM  -  0 


BLOCK  DIAGRAM 

Clpc*    U  o  

QO 
□  1 

 B  I 

01 

oi 

□j 

Ql 

— -o  * 

QS 

— o  a 

»«    IS  Q  

«oo  -  f*"  '* 

\rss  -  Pin  8 

Q7 

 O  ID 

 o  \1 

NC  .  Pin  6.9 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  Co  Vss) 


vDD 

T|« 

• 

iw 

2S°C 

Thigh* 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ  # 

Max 

Min 

Max 

Unit 

Output  V0II8Q6                   "0"  Level 

V0L 

5.0 

0.05 

— 

0 

0.05 

- 

0.05 

Vdc 

vin  ■  VDD  or  0 

10 

— 

0 

0  05 

— 

0.05 

15 

nns 

— 

0 

0.05 

- 

0.05 

"1"  Level 

Voh 

5.0 

4.95 

— —  

4.95 

5.0 

— 

4.95 

— 

Vdc 

Vtn  -  0  or  VDd 

10 

9.9S 

9.95 

10 

— 

9.95 

— 

|  £ 

14.95 

14.95 

15 

— 

14.95 

— 

Input  Voltage                      "0"  Level 

VIL 

Vdc 

(Vq  =  4,5  or  0.5  Vdcl 

s.o 

1.5 

— 

2.25 

1.5 

— 

1.5 

(Vo=90or  1.0  Vdc) 

10  ■ 

3.0 

- 

4.50 

3.0 

- 

3.0 

(Vq  =  1 3.5  or  1 .5  Vdc) 

15 

4.0 

— 

6.75 

4.0 

-  ~~ 

4.0 

"1"  Level 

VIH 

(VqbO.S  or  4.5  Vdc) 

50 

3.5 

3.5 

2.75 

3.5 

— 

Vdc 

(Voa1-0  or  9.0  Vdc] 

10 

7.0 

7.0 

5.50 

7.0 

4^0  » 1.5  or  13.5  Vdcl 

15 

11.0 

11.0 

8.25 

11.0 

Output  Drive  Current  (AL  Device) 

'OH 

— Ad — 
m  c 

ivq^j  =  «.d  voci  source 

5  0 

—  3.0 

-2.4 

-4.2 

— 

-1.7 

— 

IVQH  ™^.D  VOCI 

5  0 

—0.64 

-0.51 

-0.88 

— 

-0.36 

— 

(Vqh  H9.5  Vdc) 

10 

—  1.6 

—  1.3 

—  2.25 

—0.9 

1V0H  "13.5  Vdc) 

15 

-4.2 

—3.4 

—  8.8 

—  2.4 

bAA  VA>I  •Sink 
l»QL     v.**  voci  ainn 

'OL 

S  0 

0  64 

0.51 

0.88 

—  

0.36 

mAdc 

ivql  "05  vdcl 

10 

1.6 

1  3 

2  25 

0  9 

(V0L-1.SVdcl 

15 

4.2 



3.4 

8.8 

2.4 

Output  Drive  Current  (CL/CP  Oevica) 

■OH 

mAde 

(V0H -2.5  Vdcl  Source 

5.0 

-2.5 

-2.1 

-4.2 

-1.7 

_ 

IVOH- 4.6  Vdcl 

5.0 

-0.52 

— 

-0.44 

-0.88 



-0.36 



(V0H"9-5  Vdcl 

10 

-1.3 

— 

-1.1 

-2.25 



-0.9 



IV0H  »  13.5  Vdcl 

15 

-3.6 

— 

-3.0 

-8.8 



-2.4 

— 

(V0|_  =0.4  Vdcl  Sink 

'OL 

5.0 

0.52 

- 

0.44 

0.88 



0.36 



mAdc 

(VDL  =0.5  Vdcl 

10 

1.3 

— 

1.1 

2.25 



0.9 

_ 

(V0L- 1.5  Vdcl 

15 

3.6 

— 

3.0 

8.8 

— 

2.4 



Input  Current  (AL  Device) 

'in 

IS 

— 

±0.1 

l 0.00001 

10.1 

_ 

•  1  0 

iiAdc 

Input  Current  (CL/CP  Devicel 

'in 

15 

— 

103 

10.00001 

103 

11.0 

«Adc 

Input  Capacitance 

C,n 

_ 





5.0 

7.5 

— 

pp 

IVin  »  0) 

Quiescent  Current  (AL  Device) 

■do 

5.0 

5.0 

0.005 

5.0 

150 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

■dd 

50 

20 

0.005 

20 

150 

uAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current*  at 

't 

S.O 

lT-(0.28*iA/|r.Hl)f  +  lDD 

vAdc 

(Dynamic  plut  Quiescent, 

10 

lT"(0J6uA/kH»)f+  lDD 

Per  Package) 

IS 

lT-(0£BHA/kHllf  +  "DO 

(Ci_  ■  50  pF  on  all  outputs,  all 

buffers  switching) 

*Tlow  -  -  S5*C  'or  AL  Device.  -  40*C  for  CL/CP  Device.  tTo  calculate  total  supply  curront  at  loads  other  than  50  pF: 

Thiflh-  + 125*C  lor  AL  Device.  +  85*C  lor  CL/CP  Davlco. 

IT(CL)  -  lT(5°pF>  *  (CL  -50)Vlk 

#Data  labelled  "Typ"  Is  not  to  bo  usod  lor  design  purposes  but  is 
Intended  as  an  Indication  ol  Cho  IC'e  polential  performance.  whoro:  It  la  in  i*A  (per  package).  Cj_  in  pF.  V  -  (Vorj-Vgs)  in  volls. 

I  in  kHz  is  input  frequency,  and  k  -  0.00125. 

"The  formulas  given  are  lor  the  typical  characteristics  only  at  25*C. 


This  device  contains  protection  circuitry  10  guard  against  damage  due  to 
high  static  voltages  or  electric  fields.  However,  precautions  must  be 
taken  to  avoid  applications  ol  any  voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  circuit.  For  proper  operation.  V|n  and 
vout  should  be  constrained  to  the  range  Vss  *  (vln  or  VouI)  <  Vqo- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level 
(e.g.,  either  Vss  or  Vqd).  Unused  outputs  must  be  left  open. 


PIN  ASSIGNMENT 

1 1 — 

Q1 

vDD 

16 

Q0 

R 

IS 

3r= 

Q2 

C 

14 

41  

QS 

C6 

13 

SC= 

O.6 

Gout 

12 

6C= 

NC 

Q4 

11 

7C 

Q3 

Q7 

10 

81= 

vss 

NC 

9 

NC  »  No  Connection 
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SWITCHING  CHARACTERISTICS*    (CL  -  SO  pf ,  TA  ■  26°C) 


Characteristic 

Symbol 

VOD 
Vde 

Min 

Typ  # 

Max 

Unit 

Output  Rtao  and  Fad  Timo 
'TLH*  "THL  "  <'-5  "aW  Cl  +  25  ne 
'TLH'  'THL  =  W-75  n8/pF)  Cl  +  12-5  na 
'TlHt  'THL  "  (°-5S  ns/pF)  Cl  +  9.5  n» 

'TLH. 

•thl 

SO 
10 
16 

100 
50 
40 

200 
100 
80 

ns 

Propagation  Delay  Time 
Reset  to  Decode  Output 
•PLH,  'PHL  "  "-7  X'/PF)  C|.  +  415  ni 
<PLH,  tpHL  "  <0.66  nt/pF)  C|.  +  197  nj 
<PLH.  <PHL ■"  <0.S  ns/pFI  Cl  +  150  m 

«PLH, 
'PHL 

5.0 
10 
15 

- 

SOD 
230 
176 

1000 
460 
350 

ns 

Propagation  Delay  Time 
Clock  to  Cgui 

<PLH,  »PHL"  H.7  nf/pF)CL  + 316  ni 
'PLH.  tpHL  "  (0.66  ns/pF)  Cl  +  142  ni 
'PLH.  tpHL  "  <0.6  ns/pFI  Cl  +  100  ni 

'PLH. 
«PHL 

5.0 
10 
IS 

— 

400 
176 
125 

800 
360 
250 

ns 

Propagation  Delay  Time 
Clock  to  Decode  Output 
'PLH,  <PHL  "  "-7  n»/pFI  Cl +415  ni 
•PLh!  'PHL  *  '0.66  ns/pFI  Cl  +  197  m 
•PLH,  'PHL  "  0.5  itt/pF]  Cl  ♦  160  ni 

'PLH. 
'PHL 

5.0 
10 
15 

- 

275 
125 
95 

1000 
460 
350 

ni 

Turn-Off  Delay  Time 
Reset  to  Cout 

'PLH  "  ".7  ni/pPI  Cl  +  315  ns 
'PLH  "  (0.66  nt/pF)  Cl  +  142  n( 
'PLH  *  10  5  nt/pF)  Cl  *  100  ns 

'PLH 

6.0 
10 
16 

- 

400 
176 
126 

800 
350 
250 

ns 

Clock  Pulu  Width 

*IH 

5.0 
10 
15 

250 
100 
76 

125 
60 
35 

ns 

Clock  Frequency 

<cl 

5.0 
10 
IS 

5.0 
12 
16 

2.0 
6.0 
6.7 

MHz 

Relet  Pulte  Width 

<WH 

6.0 
10 
15 

600 
260 
180 

250 
12S 
95 

ns 

Reset  Removal  Time 

'rem 

6.0 
10 
IS 

760 
276 
210 

375 
135 
106 

ns 

Clock  Input  Rise  and  Fall  Time 

TLH.  THL 

6.0 
10 
IS 

No  Limit 

Clock  Enable  Setup  Time 

<tu 

5  J) 
10 
15 

350 
150 
116 

176 
76 
52 

ns 

Clock  Enable  Removal  Time 

'rem 

SO 
10 
16 

420 
200 
140 

260 
100 
70 

ns 

"Tho  formulas  given  aro  for  tha  typical  characteristics  only  at  25*C. 


#Data  taboltod  "Typ"  Is  not  to  be  used  for  design  purposes  but  Is 
trttended  as  on  Indication  ol  the  IC's  potential  performance. 
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vss. 


vDD- 


vss- 


_n_ 


FIGURE  t  -  TYPICAL  OUTPUT  SOURCE  AND  OUTPUT  SINK 
CHARACTERISTICS  TEST  CIRCUIT 
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Q7 
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Outputs 
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Clock  to  dtstrod 
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(SI  to  SI 

Carry 

Clock  to  os 
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(SI  to  SI 

SI  to  A 

vgs- 

VDD 

-vorj 

Vos- 
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FIGURE  2  -  TYPICAL  POWER  DISSIPATION 
TEST  CIRCUIT 
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APPLICATIONS  INFORMATION 
Figure  3  shorn  s  technique  (or  extending  the  number  of  decoded  output  states  for  the 
MC14022B.  Decoded  outputs  ere  sequential  within  each  stage  and  from  stage  to  stage,  with  no 
dead  time  (except  propagation  delay). 

FIGURE  3  -  COUNTER  EXPANSION 
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MC14023B 
See  Page  6-5 


7-STAGE  RIPPLE  COUNTER 

The  MC14024B  is  a  7-stage  ripple  counter  with  short  propagation  delays 
and  high  maximum  clock  rates.  The  Reset  input  has  standard  noise  immu- 
nity, however  the  Clock  input  has  increased  noise  immunity  due  to  Hys- 
teresis. The  output  of  each  counter  stage  is  buffered. 


Diode  Protection  on  All  Inputs 

Output  Transitions  Occur  on  the  Falling  Edge  of  the  Clock  Pulse 
Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

Pin  for  Pin  Replacement  for  CD4024B 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDd 

DC  Supply  voltage 

-0.5  to  +  18.0 

V 

vin.  vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  10  VDD  +0.5 

V 

'in-  'out 

Input  or  Oulput  Current  (DC  or  Transienl),  por  Pin 

+  10 

mA 

Pd 

Power  Dissipation,  per  Packaget 

500 

mW 

Tato 

Storage  Temperature 

-65  10  +150 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

■c 

"Maximum  Ratings  aro  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Package:  -  12mW/°C  from  65°C  to  85"C 

Ceramic  "L"  Package:  -  12mW/eC  from  100"C  to  125*C 


LOGIC  DIAGRAM 


CP.      O  -  f  R      Q-      rCB      Q-i-CR  0 

TTy? 


12 
oi 


□  2 


Q3  -  Pin  9 
Q4  -  Pin  6 
Q5  ■  Pin  5 


MC14024B 


CMOS  SSI 

(LOW  POWER  COMPLEMENTARY  MOSI 

7-STAGE 
RIPPLE  COUNTER 


L  SUFFIX 
CEHAMIC  PACKAGE 


P  SUFFIX 

PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series  -55'Clo  + 125"C 

MC1JXXXBAL  ICoremic  Pockaoo  Onlr) 


C  Senas  -40'CIO  ■  rt"'. 
MCIJXXXBCP|PlB»l,c 

ucijxxxbcl  (Cenmte 


PIN  ASS1GNMEN 

T 

-V 

t  1 

Clock  vDp 

=□  1  4 

al — 

R»<  KC 

3^ 

OJ  Ol 

=313 

fJ6  OJ 

=311 

I  <= 

as  NC 

=a  io 

OA  03 

rrj  s 

*SS 

— '  e 

VOD    -  Pin  14 

VSS     -  fm  r 

NC  ■  No  Cor.™ 

tlbti 
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ELECTRICAL  CHARACTERISTICS  (Voitagoa  Hoioroncod  to  vss) 


Vqd 

w 

26°C 

Th 

wh* 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage                "0"  Level 

Vol 

50 

0.05 

q 

0.05 

_ 

0.05 

Vdc 

V|n  *  Vq[>  or  0 

10 

Q 

_ 

0.05 

15 

0-05 

o 

0.05 

— 

0.05 

"1"  Level 

vOH 

5  0 

'  ■ 

5  0 

4.95 

_ 

Vdc 

V|n  =  0  or  Vqd 

10 

9.95 

A  AC 

9.95 

10 

9.95 

_ 

15 

1495 

14  95 

14.95 

_ 

Input  Voltage                    "0"  Level 

V|L 

 —  

Vdc 

(Vq  =  4.5  or  0.5  Vdcl 

5  0 

1.5 

2.25 

1 .5 

_ 

1.5 

IVqs9.0  or  1.0  Vdcl 

10 

3  0 

4.50 

3.0 

3.0 

fV0  =  l3.5or  1.5  Vdcl 

15 

4  0 

6.75 

4.0 

- 

4.0 

"1"  Level 

V|H 

(Vq-O.S  or  4.5  Vdc) 

5  0 

3  tj 

3.5 

2.75 

3.5 

- 

Vdc 

IVO=l.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

(Vq  =  1  5  or  13.5  Vdc) 

15 

11.0 

1 1.0 

8.15 

_ 

11.0 

— 

Output  Drive  Current  IAL  Device) 

■oh 

mAdc 

(Vqh  =  2.5  Vdcl  Source 

5.0 

—  3.0 

—  2.4 

—4.2 

-1.7 

— 

(V0H-4.6  Vdc) 

SO 

-0.64 

-0.51 

-0.88 

-0.36 

- 

(V0H  =  9  5  Vdc) 

10 

-1.6 

-1.3 

-2.25 

-0.9 

- 

<VDH  B  '3.5  Vdc) 

15 

-4.2 



-3.4 

-8.8 

_ 

-2.4 

— 

(V0L=0-4  Vdc»  Sink 

'OL 

5.0 

0.64 



0.51 

0.88 



0.36 

- 

mAdc 

IV0£  *»0.5  Vdc) 

10 

1.6 

— 

1.3 

2.25 

- 

0.9 

— 

,vOL"15  Vdcl 

15 

4.2 

— 

34 

8.8 

2.4 

Output  Orive  Current  (CL/CP  Device) 

'OH 

mAdc 

1Vqh  =  2.5  Vdc)  Source 

5.0 

-2.5 

- 

-2.1 

-4.2 

— 

—  1.7 

(Vqh  a  4.6  Vdc) 

5.0 

-0.52 

— 

-0.44 

-0.88 

— 

 0  3© 

'vOH  Vdcl 

10 

-1.3 

— 

-1.1 

-2.25 

— 

—0.9 

' *OH     13.5)  Vdcl 

15 

-3.6 

- 

-3.0 

-8.8 

— 

—  2.4 

,vOL  **0.4  Vdc)  Sink 

'OL 

5.0 

0.52 

— 

0.44 

0.88 

— 

0.36 

mAdc 

IVql     u-!>  VQC1 

10 

1.3 

— 

1.1 

2.25 

— 

0  9 

1VQ|_  *-*  1  .D  VOCt 

15 

36 

— 

3.0 

8.8 

2  4 

InpufCurrent  (AL  Device) 

■in 

15 

— 

lO.I 

5  0  00001 

10.1 

!  1.0 

MAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

•  03 

10.00001 

t03 

;  1 .0 

MAdc 

Input  Capacitance 

Cin 

— 

50 

7.5 

— 

— 

pF 

(Vjn=0l 

Outescent  Current  (AL  Device) 

■  OD 

5.0 

5.0 

O.OOS 

5.0 

— 

150 

MAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

IS 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

IQD 

5.0 

20 

0.005 

20 

ISO 

MAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current*  *  t 

'T 

5.0 

IT  =10.31  uA/kHi)  f  ♦  |QD 

MAdc 

(Dynamic  plus  Quiescent, 

10 

■T  "10.60  wA/kHi)  f  ♦  lDD 

Per  Package) 

15 

It  M0.89  «A/kHi)  1  ♦  lDD 

(Ci_  a  50  pF  on  all  outputs,  all 

bulfers  switching) 

*Tlow  "  ~  55*C  ,or  AL  Oovlco.  -  40'C  lor  CUCP  Device.  ITo  calculate  total  supply  current  at  loads  other  than  SO  pF: 

ThiQh  "  +  1 25"c  ,or  AL  Dovfco.  +  85*C  for  CUCP  Device. 

■tW  -  MSOpF)  +  <CL  -50)  VI  k 

#Dola  labelled  "Typ"  is  not  to  be  used  for  design  purposes  but  Is 
intended  as  en  indication  of  the  iC's  potential  performance.  where:  \j  is  in  llA  (per  package).  CL  in  pF.  v  -  (VDD  -  vss)  in  volts. 

f  in  kHz  is  input  frequency,  and  k  -  0.001 . 

"The  formulas  given  ere  for  tho  typical  characteristics  only  at  25*C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  ot  any  voltage  higher  than  maximum  rated  voltages  to  this  high-imped- 
ance circuit.  For  proper  operation,  Vjn  and  Voui  should  be  constrained  to  the  range  Vss  *  (vin  °r  vout)  *  VDD- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD)  Unused  outputs  must 
be  left  open.  
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MC14024B 


SWITCHING  CHARACTERISTICS*  (CL  ■  50  pF,  TA  •  25°C) 


CtMnetariitie 

Symbol 

VfjD 

Min 

Typ  # 

Mex 

Unit 

Output  Rise  and  Fall  Time 

ITLH. 

ns 

'THL 

5.0 

100 

200 

*TLH«  •THL  "  (°-76  na/pF)  C|.  +  12.5  ns 

10 

- 

50 

100 

tyLH>  *THL  **  (0.55  ns/pF)  C|_  +  9.5  ns 

16 

40 

80 

Propagation  Delay  Time 
Clock  to  Q1 

lPLH,  tPHL  "  *     ni/pF|  C|_  +  296  m 
'PLH  *PHL  ™  10.66  m/pF)  Cl  +  1 1 7  ns 
'PLH,  *PHL  "       ns/pF)  Cl  +  85  ns 

WOCR  IO  U 1 

«PLH. 
«PHL 

5.0 
10 
16 

— 

— 

380 
160 
110 

600 
230 
176 

RS 

toi  u  tout  ■  (1  7  ru/nFl  Ci  +915  ru 
t di  u  toui  •  (0  fiS  m/bFI  Ci  +  3fi7  rtt 

5.0 
10 

1000 
400 

2000 
760 

toi  u  toui  ■  (0  fi  ru/oF)  Ci  +■  275  ns 
Reset  to  0,, 

16 

300 

665 

'PLH,  tpHL  _  H-7  ns/pF)  Cl  + 415  ns 
«PLh!  «PHL  "  10.66  ns/pFI  Cl  ♦  217  in 

5.0 
10 



_ 

500 
250 

800 
400 

tPLH.  <PHL  "  10-5  ni/pF)  Cl  +  165  n> 

15 

- 

180 

300 

Clock  Putts  Width 

tWH 

5.0 

600 

200 

_ 

m 

10 

165 

60 

- 

15 

125 

40 

- 

Reset  Pulie  Width 

^WH 

5.0 

600 

375 

ns 

10 

350 

200 

_ 

15 

260 

150 

Rem  Removal  Time 

trem 

5.0 

625 

250 

ni 

10 

190 

76 

15 

145 

60 

Clock  Input  Rite  end  Fell  Timet 

«TLH,«THL 

5.0 

1.0 

8 

10 

8.0 

me 

15 

200 

lie 

Input  PuUe  Frequency 

•cl 

6.0 
10 

2.6 
8.0 

1.0 
3.0 

MHz 

16 

.  12 

4X1 

•Trio  formulas  given  era  for  (he  typical  characteristic*  only  st  25'C. 


#Data  (abotlod  "Typ"  is  not  to  be  used  (or  design  purposes  but  Is 
Irttendod  as  on  indication  of  the  iC's  potential  performance. 


TRUTH  TABLE 


CLOCK 

RESET 

STATE 

0 

0 

No  Change 

0 

1 

AM  Outputs  Low 

1 

0 

No  Change 

1 

1 

All  Outputs  Low 

0 

No  Change 

1 

All  Outputs  Low 

0 

Advance  One  Count 

1 

All  Outputs  Low 
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FIGURE  1  -  TYPICAL  OUTPUT  SOURCE 
CHARACTERISTICS  TCST  CIRCUIT 


FIGURE  2  -  TYPICAL  OUTPUT  SINK 
CHARACTERISTICS  TEST  CIRCUIT 


vOO         vOL  "  vout 


C  On 
A 


Count  Qn  to  • 
logic  "1"  Mvd. 


vss 


Extarnal 
Powaf 

Supply 


VOO 


V0H  -  Vout 


C  Q, 
R 


VSS 


External 
Powar 

Supply 


FIGURE  3  -  POWER  DISSIPATION  TEST  CIRCUIT 


V0D 


-Jvss  T 
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Input  tjLH  and  tjHL  "  20  ns 


® 


MOTOROLA 


DUAL JK  FLIP-FLOP 

The  MC14027B  dual  J  K  flip-flop  has  independent  J,  K,  Clock 
(CI.  Set  (S)  and  Reset  (R)  inputs  for  each  flip-flop.  These  devices 
may  be  used  in  control,  register,  or  toggle  functions. 

•  Diode  Protection  on  All  Inputs 

■  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Logic  Swing  Independent  of  Fanout 

•  Logic  Edge-Clocked  F lip-F lop  Design  - 

Logic  state  is  retained  indefinitely  with  clock  level  either  high  or 
low;  information  is  transferred  to  the  output  only  on  the  positive- 
going  edge  of  the  clock  pulse 

■  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin  for-Pin  Replacement  for  CD4027B 


MAXIMUM  RATINGS'  [Voltages  Relerenced  to  vss) 


Symbol 

Parameter 

Valua 

Unit 

*DD 

DC  Supply  VollaQe 

-0  5  to  -  18  0 

V 

V.n-  Vqui 

Inpul  or  Output  Voltage  (DC  or  Transient) 

-  0  S  to  Vqd  -  0  5 

V 

'■n-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

-  10 

mA 

pD 

Power  Dissipation,  per  Packaget 

500 

mW 

T£[Q 

Storage  Temperature 

-65  to  -  150 

•c 

n. 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occu 
TTemperature  Derating:  Plastic  "P"  Package   -  i2mW/'C  from  65*C  to  85'C 

Ceramic  "L"  Package  -  12mW/"C  from  10D*C  to  125*C 


TRUTH  TABLE 


INPUTS 

OUTPUTS' 

C 

J 

K 

s 

H 

On* 

On.1 

On*! 

1 

X 

0 

a 

0 

1 

0 

X 

0 

0 

0 

1 

1 

0 

0 

X 

0 

a 

0 

0 

1 

X 

1 

□ 

0 

1 

0 

1 

a-r 

1 

1 

0 

0 

Qo 

Qo 

Qo 

X 

X 

0 

0 

X 

°n 

On 

X 

X 

X 

1 

0 

X 

1 

0 

X 

X 

X 

0 

1 

X 

0 

1 

X 

X 

X 

1 

1 

X 

1 

1 

X  -  Don't  C»r« 
*  -  L«v«l  China* 


1  Pr»t«ni  Slat* 
'  N«xt  Stat* 


This  device  contains  protection  circuitry  to  guard  againsl  damage  due 
to  high  static  voltages  or  electric  fields.  However,  precautions  must  be 
taken  lo  avoid  applications  ot  any  voltage  higher  than  maximum  rated 
voltages  lo  this  high-impedance  circuit-  For  proper  operation.  Vjn  and 
vout  should  be  constrained  to  the  range  Vss  *  (vin  or  vout)  *  VDD 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage 
level  (e.g.,  either  Vss  or  VDD)-  Unused  outputs  must  be  left  open. 


MC14025B 
See  Page  6-5 


MC14025UB 


MC14027B 


CMOS  SSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

DUAL  J-K  FLIP-FLOP 


L  SUFFIX 
CERAMIC  PACKAGE 

CASE  610 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -55'Cto  -4-125'C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40'Cto  +85*C 
MCI 4XXXBCP  (Plastic  Package) 
MCUXXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 
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ELECTRICAL  CHARACTERISTICS  (VoRagos  Roieitmced  10  vss) 


Vqd 

▼low* 

26°C 

T„ 

tan* 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage              "0"  Level 

UL 

5.0 

— 

o.os 

— 

0 

0.05 

0  05 

Vdc 

Vin  ~  Vnn  or  0 
in      *  uu 

10 

— 

0.05 

— 

0 

0.05 

0  05 

15 

— 

0.05 

- 

0 

0.05 

0  05 

"1"  Level 

vOH 

435 

- 

4.95 

5.0 

- 

4.95 

Vdc 

Win  b  o  Of  Vnn 

In  UU 

10 

9.95 

- 

935 

10 

— 

9  95 

15 

14.95 

- 

1435 

15 

— 

14  95 

input  voitsge                    0  Level 

Vdc 

ivq  —       or  u.o  vac  I 

5.0 

— 

1.5 

- 

2.25 

1.5 

1.5 

|U-  —On  nr  1  ft  ViVi>l 

IVQ  —  9.U  Oi  I.UVGCI 

- 

3.0 

- 

4.50 

3.0 

3.0 

|Vqb  13,5  or  1.5  Vdc) 

15 

- 

4.0 

— 

6.75 

4.0 

4.0 

"1"  Level 

V|H 

(Vq  «  0.5  or  4.5  Vdc) 

5.0 

3.5 

— 

3.5 

2.75 

J.  3 

Vdc 

<VO"1.0of  9.0Vdc) 

10 

7  0 

— 

7.0 

5.50 

— 

7.0 

(V0-1  5or  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 

11.0 



Output  Drive  Current  (AL  Device) 

— :  

'DH 

— Ad — 
m  c 

f Vqh  =  2.5  Vdc)  Source 

5.0 

-3.0 

- 

-2.4 

-4.2 

— 

—  1.7 

(Voh  -  4  6  Voc> 

5.0 

—0.64 

— 

—0.51 

—0.88 

— 

—0.36 

'Vqh3  9  6  Vdc) 

10 

— 1.6 

—  1 .3 

—  2.25 

— 

-0.9 

(Vqh3 '3-5  Vdc) 

15 

— 4.2 

—  3.4 

—  8.8 

-2.4 



(VoL  =  0.4Vdc)  Sink 

5.0 

0.64 

0.51 

0.B8 

0.36 

mAde 

(v0L  "05  Vdc) 

10 

1.6 

1.3 

2.25 

0.9 



<V0L-1AVdc) 

15 

4.2 

3.4 

8.8 

2.4 

_ 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

IV0hs2.5  Vdc)  Source 

5.0 

-2.5 

-2.1 

-4.2 

-1.7 

— 

IVOH=4.6  Vdc) 

5.0 

-0.52 



-0.44 

-0.88 

_ 

-0.36 

— 

IVohq0  S  Vdc) 

10 

-1.3 

-1.1 

-2.25 



-0.9 

— 

(Vqh»  13.5  Vdc) 

15 

-3.6 

_ 

-3.0 

-8.8 



-2.4 

— 

(Vol  ■  0.4  Vdc)  Sink 

IOL 

5.0 

0.52 



0.44 

0.88 



0.36 

- 

m  Adc 

ivql*  0.5  vdc) 

10 

1.3 



1.1 

.2.25 



0.9 

— 

(Vql°  Vdc) 

15 

3.6 



3.0 

83 



2.4 

— 

Input  Current  (AL  Device) 

>in 

15 

J  0.1 

1 0.00001 

iO.1 

- 

11.0 

pAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

i  0.3 

10.00001 

t0.3 

- 

110 

fjAdc 

Input  Capacitance 

Cin 

— 

— 

50 

73 





pF 

ivjn-o> 

Quiescent  Current  (AL  Device) 

. 

'DD 

5  0 

1.0 

0.002 

1.0 

30 

(Per  Package) 

10 

2.0 

0.004 

2.0 

60 

IS 

4.0 

0.006 

4.0 

120 

Quiescent  Current  (CL/CP  Device) 

■OD 

5.0 

4.0 

0.002 

4.0 

30 

jiAdc 

(Per  Package) 

10 

8.0 

0.004 

8.0 

60 

15 

18 

0.006 

16 

120 

Total  Supply  Current*  *t 

"T 

5.0 

IT  '  (030  fiA/kHz)  f  ♦  l00 

pAdc 

(Dynamic  plus  Quiescent. 

10 

lT-<1j60*A/kHi)f  ♦  l0o 

Per  Package) 

15 

'T  ■  (2.40  MA/kml  1  ♦  loD 

(Ci.  "  50  pF  on  all  outputs,  all 

buffers  switching) 

*Tiow-  -55*C  for  AL  Device,  -40*C  for  CL/CP  Dovloo. 
Thigh-  +  125*C  tor  AL  Device,  +85*C  for  CL/CP  Dovico. 

#Data  labelled  "Typ"  it  not  10  be  usod  for  design  purposos  but  is 
intended  as  an  Indication  of  the  iC's  poiontial  performance. 

"The  formulas  given  are  for  tho  typical  characteristics  only  at  25*C. 

tTo  calculate  total  supply  curront  at  loads  other  than  50  pF: 

It(Cl)  -  It(50pF)  +  (CL  -50)Vfk 

where:  \j  Is  In  jiA  (per  packago).  C|_  in  pF.  V  -  (VQQ-Vgs)  In  volts, 
f  In  kHz  is  Input  frequency,  and  k  -  0.002. 


PIN  ASSIGNMENT 


1  CZ 

OA 

VOD 

=  '6 

2«= 

aA 

Qb 

=316 

3C= 

cA 

58 

=314 

"A 

=313 

ka 

nB 

=312 

er= 

Ja 

kb 

=311 

7  f= 

8a 

•% 

=310 

DC 

vSs 

sB 

=39 
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SWITCHING  CHARACTERISTICS*   (CL  ■  SO  pF,  TA  -  2S°C> 


CnsrscteiUUc 

Symbol 

vOD 

Mtn 

Typ  * 

Max 

Unit 

Output  Rise  and  Fall  Time 

'TLH- 

ns 

tyLH-  tj/HL  "  (1-5  ns/pF)  C\_  +  25  ns 

'TKL 

6.0 

- 

100 

200 

'TLH-  *THL  ~  (0.75  no/pF)  C|_  +  12.5  ns 

10 



so 

100 

'TLH-  'THL  m  (0.55  ns/pF)  C|_  +  12.5  ns 

IS 

40 

Propagation  Ootsy  Times**    ■  ~ 

— ;  

•PLH, 

— — — 

n» 

Clock  to  Q,  Q 

'PHL 

'PLH.  tpHL  ~  (1.7  na/pF)  Cl  +  90  ns 

6.0 

176 

360 

toi  u.  tout  ™  (0.66  nft/DF)  Ci  +  42  ns 

10 

76 

ISO 

IpLH*  tpHL  —  (0.6  na/pF)  Cj_  +  26  ns 

16 

SO 

100 

Sot  to  Q,  Q 

•PLH-  'PHL  "  0-7  ns/pF)  C|.  +  90  ns 

B.O 



176 

350 

'PLH-  'PHL  ~  (0.66  na/pF)  Cl  +  42  ns  - 

10 

- 

76 

160 

'PLH-  'PHL  "  (0  6  ns/pF)  C|.  +  25  ns 

IS 

- 

SO 

100 

Reset  to  Q,  Q 

'PLH-  'PHL  "  <1-7  ns/pF)  C|.  +  265  ns 

S.0 

- 

360 

460 

'PLH-  'PHL  "  (0.66  ns/pF)  C|.  +  67  ns 

10 

- 

100 

200 

'PLH-  'PHL  "  <°-5  ns/pF)  C|.  +  50  ns 

16 

- 

76 

150 

Setup  Timet 

<tu 

S.0 

140 

70 

- 

ns 

10 

60 

25 

- 

16 

35 

17 

— 

Hold  Times 

'h 

8.0 

140 

70 

- 

ns 

.  10 

60 

26 

IS 

36 

17 

Clock  Pulse  Width 

<WH,tWL 

S.0 

330 

166 

— 

ns 

10 

110 

56 

16 

76 

38 

— 

Clock  Pull*  Frequency 

•d 

6.0 

- 

3.0 

1.6 

MHz 

10 

— 

9.0 

4J6 

16 

— 

13 

6.6 

Clock  Pulse  Rite  end  Fell  Time 

Tlh,  THL 

6.0 

16 

us 

10 

_ 

_ 

60 

IS 

_ 

AO 

Removal  Times 

'rem 

5 

90 

10 

ns 

10 

45 

5 

15 

35 

3 

Set 

5  . 

50 

-30 

10 

25 

-15 

Reset 

15 

20 

-10 

Set  end  Retet  PuIm  Width 

<WH 

6.0 

260 

126 

ns 

10 

100 

60 

IB 

70 

36 

•Tho  formulas  Qtvon  are  for  the  typical  characteristic  a  only  at  2S*C. 


#Data  (abetted  "Typ"  is  not  to  be  used  tor  doaiQn  purpose*  but  la 
intended  aa  en  Indication  of  Iho  IC'a  potential  performance. 
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FIGURE  1  -  DYNAMIC  SIGNAL  WAVEFORMS 

(J.  K .  Clock .  and  Output) 


FIGURE  2  —  DYNAMIC  SIGNAL  WAVEFORMS 
(Sot,  Reaot,  Clock,  and  Output) 


-Jf  to*  \  

H    h  — \    (-—  «THL 


*TLH- 

Inputs  R  and  S  low. 
For  the  meauremmt  ol  tyuH,  l/'C|.  ond  PD 
the  Input*  J  end  K  ere  kept  high. 


-V<jh 
-vOL 


Sol  or 
Reset 


20  ns 
90% 


IPLH 

'phl' 


20  ns— * 
90% 


.Vqd 


-20  ns 


vDD 

.10%  Vss 


OorB 


_vOH 
.vOL 


LOGIC  DIAGRAM 

(1/2  of  Device  Shown! 
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MC14028B 


BCD-TO-DECIMAL  DECODER 
BINARY-TO-OCTAL  DECODER 

The  MC14028B  decoder  is  constructed  so  that  an  8421  BCD  code 
on  the  four  inputs  provides  a  decimal  (one-of-ten)  decoded  output, 
while  a  3-bit  binary  input  provides  a  decoded  octal  (one  of  eightl 
code  output  with  D  forced  to  a  logic  "0".  Expanded  decoding  such 
as  binary-to-hexadecimal  (one-of-16),  etc.,  can  be  achieved  by  using 
other  MC14028B  devices.  The  part  is  useful  for  code  conversion,  ad- 
dress decoding,  memory  selection  control,  demultiplexing,  or  read- 
out decoding. 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schollky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Positive  Logic  Design 

•  Low  Outputs  on  All  Illegal  Input  Combinations 

•  Similar  to  CD4028B. 


MAXIMUM  RATINGS*  (vollagos  Referenced  to  Vgs) 


Symbol 

Parameter 

Value 

Unit 

vDd 

DC  Supply  Voltage 

-0  5  to     18  0 

V 

V,n.  Vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  Vrjtj  t05 

V 

'irv  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

=  10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

Tslo 

Storage  Temporature 

-65  to  -H50 

•c 

Load  Temperature  (8-Socond  Soldering) 

260 

•c 

i  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
lure  Derating;  Plastic  "P"  Package   -  12mW/°C  from  65'C  lo  85*C 

Ceramic  "L"  Package   -  12mW/'C  (rom  100°C  to  125"C 


BCD 


3-en 


ID  o  

A 

QO 

3 

ai 

M 

ax 

T 

13  0  

0 

Q3 

HI 

at 

i 

U'i 

G 

12  O  

c 

as 

i 

a? 

as 

t 

no  

□ 

oo 

 o 

s 

Orl-I 
D.cod-Jd 

Output! 


Decimal 
O*co4*d 
Output* 


CMOS  MSI 


(LOW  POWER  COMPLEMENTARY  MOS) 


BCD-TO  DECIMAL  DECODER 
BINARY-TO-OCTAL  DECODER 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Sorios   -55'C  to  +  I25'C 

WCMXXXBAL  (Ceramic  Packago  Only) 

C  Sorios   -40'C  lo  +  B5'C 
MC 1 4XXXBCP  (PlaGlic  Packago) 
MCUXXXBCL  (Coramlc  Packago) 


TRUTH  TABLE 


INPUT 

OUTPUT 

D   C   B  A 

Q9  0.8  Q7  06  0.5  04  03  02  01  00 

0    0    0  0 
0    0   0  1 
0    0  10 
0    0  11 

0000000001 
000000001  0 
0000000100 
000000     1  000 

0     10  0 
0    10  1 
0  110 
0  111 

0000010000 
0000100000 
0001000000 
0010000000 

10    0  0 
10    0  1 
10  10 
10  11 

01  00000000 
1000000000 
0000000000 
0000000000 

110  0 
110  1 
1110 

1111 

0000000000 
0000000000 
0000000000 

o'nooooooo 

vDO  .fwis 

VSS  -  Pin  a 
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MC14028B 


ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  10  vss) 


vD0 

Tlow* 

2S°C  ' 

Th 

lot.* 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage 

"0"  Level 

vOL 

5.0 

O.OS 

Q 

O.OS 

_ 

0.05 

Vdc 

vln  -  VDD «"  0 

10 
IS 

0  05 
O.OS 

Q 

0 

0.05 

o.os 

_ 
— 

0.05 
O.OS 

"1"  Level 

VOH 

5.0 

4  £5 

4J95 

5.0 

4.95 



Vdc 

V,„  -  0  or  V00 

10 

9.85 

10 

9.9S 

IS 

1435 

14.95 

15 

14.95 



Input  Voltage 

"0"  Level 

VIL 

Vdc 

<V0  ■  4.S  or  0.S  Vdel 

5.0 

1.5 

2.25 

1 .5 



1.5 

(Vo"9jOot  1.0  Vdc) 

10 

3  0 

4.50 

3.0 



3.0 

IV0"  133 or  IS  Vdcl 

IS 

4.0 

6.75 

4.0 

— 

4.0 

"1"  Level 

V(H 

IV0  -  0.5  er  4.S  Vdcl 

5.0 

3.5 

3.5 

2.75 

3.5 

— 

Vdc 

(V0-  1.0  or  9.0  Vdcl 

10 

7.0 

7.0 

5.50 

7.0 

— 

IVo»1.5orUSVdel 

15 

11.0 

11.0 

8.2S 

_ 

11.0 

— 

Output  Drive  Current  (AL  Device) 

'OH 

mAdc 

(V0H  ■  2.5  Vdcl 

Source 

5.0 

—3.0 

—  2.4 

—  4.2 

-1.7 

— 

(V0H- 4.6  Vdcl 

.5.0 

-0.64 

-0.51 

-0.88 

-0.36 

— 

(V0H-9SV*!l 

10 

-1.6 

-1.3 

-2.25 



-0.9 

- 

'VoH"«3.5Vdcl 

IS 

-4.2 

-3.4 

-8.8 



-2.4 

— 

(v0l  ■  0.4  vdcl 

Sink 

>OL 

S.O 

0.64 

0.51 

0.88 



0.36 

- 

mAdc 

(v0l  -  o.5  vdcl 

10 

1.6 

- 

1.3 

2.2S 

- 

0.9 

— 

(Vql-  i-s  vdcl 

IS 

4.2 

— 

3.4 

8.8 

- 

2.4 

Output  Drive  Current  (CL/CP  Device) 

■oh 

mAdc 

(V0H  ■  2-5  Vdcl 

Source 

S.O 

-2.5 

— 

-2.1 

-4.2 

— 

—  1.7 

IVqh- 4.6  Vdel 

5  0 

-0.52 

— 

-0.44 

-0.8B 

— 

 Q  gg 

<Voh-  9.5  Vdcl 

10 

-1.3 

— 

-1.1 

-2.28 

— 

—  0  9 

(V0H  -  135  Vdcl 

15 

-3.6 

— 

-3.0 

-8.8 

— 

—2.4 

(v0L  ■  o.4  vdcl 

Sink 

'OL 

S.O 

0.S2 

— 

0.44 

osa 

— 

0.36 

mAdc 

(v0l  ■  o.5  vdcl 

10 

1.3 

— 

1.1 

2.26 

— 

OS 

(v0l  -lis  Vdcl 

15 

3.6 

3.0 

8.8 

2  4 

Input  Current  (AL  Device) 

'in 

15 

sO.1 

i 0.00001 

tO.1 

i  1 .0 

uAdc 

Input  Current  (CL/CP  Device) 

■in 

IS 

103 

±0.00001 

±03 

— 

11.0 

pAdc 

Input  Capacitance 

Cin 

- 

S.O 

•7.5 

pF 

IVin  '  01 

Quiescent  Current  (AL  Device) 

■dd 

5.0 

5.0 

0.005 

5.0 

150 

*iAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

IS 

20 

061B 

20 

600 

Quiescent  Current  (CL/CP  Device) 

'OD 

S.0 

20 

O.OOS 

20 

160 

xAdc 

(Per  Package) 

10 

40 

0:010 

40 

300 

IS 

80 

0X116 

80 

600 

Total  Supply  Current**! 
(Dynamic  plus  Quiescent. 

'T 

S.O 
10 

IT  '  (OJ   xA/kHz)  )  ♦  iDD 
>T  ■  (0*  MA/kHl)  1  ♦  Iqq 

pAdc 

Per  Package) 

ICl  -  50  pF  on  all  outputs,  all 
buffers  switching) 

IS 

•t  "  i03  «A/kHl)  f  ♦  IDD 

"*low"  -65*C  for  AL  Device.  -40*C  for  CL/CP  Oovlco.  fTo  calculate  total  supply  current  at  loads  other  than  SO  pF: 

T„|gh-  +  125*C  for  AL  Device.  +85*0  for  CL/CP  Device. 

IT(CL)  -  lx(SO  pF)  +  (CL  -50)  Vlk 

#Data  tabelled  "Typ"  is  not  to  be  used  for  design  purposos  but  is 
Intended  es  an  Indication  of  tho  IC'a  potential  performance.  where:  l-r  Is  In  uA  (per  package).  C(_  in  pF,  V  -  (Vqq  -  V33)  In  volts. 

f  In  kHz  Is  Input  trequertcy.  and  k  -  0.001 . 

"The  formulas  given  are  for  the  lyplcat  characteristics  only  at  25*C. 

  PIN  ASSIGNMENT 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
Impedance  circuit.  For  proper  operation,  V|„  and  V0lrt  should  be  constrained 
to  the  range  Vss  «  (vin  «r  vout)  «  vdd- 

Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g., 
either  Vss  or  vDO>-  Unused  outputs  must  be  lelt  open. 
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MC14028B 


SWITCHING  CHARACTERISTICS*   1CL  -  SO  t>f,  TA  -  28°C> 


CtMfactartstic 

Symbol 

VDD 

Mln 

Typ# 

Max 

Unit 

Output  Riso  and  Fall  Timo 
'TLH.  'THL  ™  ('•*  na/pF)  CL  +  26  ns 
'TLH'  tTHL  "  (°-78  na/pF)  Cl  +  12.S  ns 
tjLH,  tTHL  "  (0-55  na/pF)  Cl  +  9.6  ns 

'TLH' 
'THL 

6.0 
10 
IS 

100 
SO 
40 

200 
100 
80 

ni 

Propagation  Delay  Tlma 

tPLH,  tpHL  "       "•A*)  Cl  ♦  216  ni 
tpLH,  tpHL  "  A*'68  iu/pFI  Cl  +  97  m 
'PLH.  «PHL  "  l°-B  ni/pF)  Cl  +  88  M 

»IH. 
VHL 

B.0 
10 
IB 

300 
130 
90 

600 
260 
180 

ns 

"TTta  formulas  given  are  for  the  typical  characteristic*  only  at  25*C. 


#Dstn  labelled  "Typ"  ta  not  to  bo  usod  for  design  purposes  but  Is 
Intended  as  an  Indication  of  the  IC'a  potential  performance. 


FIGURE  1  -  DYNAMIC  SIGNAL  WAVEFORMS 


Inputs  B.  C.  and  O 
twitching  In  respect 
to  a  BCD  code. 


Inputs  A,  B,  and  D  low. 


All  outputs  connected 
to  rempectlve  Cl  loadf. 
f  In  respect  to  a  system 

clock. 
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LOGIC  DIAGRAM 


APPLICATION  INFORMATION 


Expanded  decoding  can  be  performed  by  using 
the  MC14028B  and  other  CMOS  Integrated  Circuits. 
The  circuit  in  Figure  2  converts  any  4-bit  code  to  a 
decimal  or  hexadecimal  code.  The  accompanying 
table  shows  the  input  binary  combinations,  the  asso- 
ciated "output  numbers"  that  go  "high"  when  se- 
lected, and  the  "redefined  output  numbers"  needed 
for  the  proper  code.  For  example:  For  the  combina- 
tion DCBA  =  0111  the  output  number  7  Is  redefined 
for  the  4-bit  binary,  4-bit  gray,  excess-3,  or  excess-3 
gray  codes  as  7,  S,  4,  or  2,  respectively.  Figure  3 
shows  a  6-bit  binary  1-of-64  decoder  using  nine 
MC14028B  circuits  and  two  MC14069UB  inverters. 

The  MC14028B  can  be  used  in  decimal  digit  dis- 
plays, such  as,  neon  readouts  or  incandescent  pro- 
jection Indicators  as  shown  in  Figure  4. 


FIGURE  2  -  CODE  CONVERSION  CIRCUIT 
AND  TRUTH  TABLE 


D      c       S  A 
MC14028B 
19   OO 


DCBA 
MC140388 
Q9       -  -  -OO 


Output  NumtMrs 


INPUTS 

olclBl/ 


OUTPUT  NUMBERS 


13  1 

0 

0 

0 

0 

o" 

0 
0 
0 

0 

o 
o 

0 

1 

0 

o 


!  11  10  9  8 


CODE  AND  REDEFINED 
OUTPUT  NUMBERS 


Hexadecimal 


0 

1 

2 
3 
4 
6 
6 
7 
8 
9 
10 
11 

12 
13 
14 
IS 


1§ 


Decimal 
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FIGURE  3  -  SIX-BIT  BINARY  1-OF-64  DECODER 


■1/6  MC14O09UB 


64  Output!  (S«t*cl*d  Output  It  High) 


FIGURE  4  -  DECIMAL  DIGIT  DISPLAY  APPLICATION 

ApproprlMa 
Voluga 
J  Naon 
oitpitv 


^niinnP  or  Q  Cp Cp CB 


Appropriate 
Voltaga 

Incandatcant 
DhpKy 
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®  MOTOROL  A 


BINARY/DECADE  UP/DOWN  COUNTER 

The  MC14029B  Binary/Decade  up/down  counter  is  constructed 
with  MOS  P-channel  and  N-channel  enhancement  mode  devices 
in  a  single  monolithic  structure.  The  counter  consists  of  type  D 
flip-flop  stages  with  a  gating  structure  to  provide  toggle  flip-flop 
capability.  The  counter  can  be  used  in  either  Binary  or  BCD  opera- 
tion. This  complementary  MOS  counter  finds  primary  use  in  up/down 
and  difference  counting  and  frequency  synthesizer  applications 
where  low  power  dissipation  and/or  high  noise  immunity  is  desired. 
It  is  also  useful  in  A/D  and  D/A  conversion  and  for  magnitude  and 
sign  generation. 

•  Diode  Proection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Internally  Synchronous  for  High  Speed 

•  Logic  Edge-Clocked  Design  —  Count  Occurs  on  Positive 

Going  Edge  of  Clock 

•  Asynchronous  Preset  Enable  Operation 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 

Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin  for  Pin  Replacment  for  CD4029B 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

vdd 

DC  Supply  Vollago 

-  0  5  to  +18  0 

V 

vin-  Voul 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  VDD  +  0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

Tstg 

Storage  Temperature 

-  65  to  +  1 50 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

"Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Derating    Plastic  "P"  Package:  -  12mW/'C  from  65*C  to  B5"C 

Ceramic  "L"  Package:  -  12mW/*C  from  100*C  10  125*C 


TRUTH  TABLE 


Preset 

Carry  In 

Up/Down 

En.bl. 

Action 

1 

X 

0 

No  Count 

0 

1 

0 

Count  Up 

0 

0 

0 

Count  Down 

X 

X 

1 

Preset 

X  »  Don't  Care 


MC14Q29B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOSI 


BINARY/DECADE 
UP/DOWN  COUNTER 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE        PLASTIC  PACKAGE 
CASE  £20  CASE  64S 


ORDERING  INFORMATION 

A  Series:  -S5*C  to  +  125'C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40*CI0  +85'C 
MCUXXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


PIN  ASSIGNMENT 

"  »DD 

=!<« 

3  r= 

Q3  Cm 

=  15 

P3  Q? 

=1 T  a 

*C= 

PO  VI 

=113 

5  CZ 

£^  PI 

—II? 

ao  at 

=J1 1 

7  CZ 

CS7.  u'O 

ZD  10 

B  C= 

ZD*. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  vss) 


Vdo 

T,a 

• 

m 

25°C 

T„ioh* 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ  # 

Max 

Min 

Mex 

Unit 

Output  Voltage               "0"  Level  - 

Vql 

5.0 

0.0S 

— 

0 

0.05 

0.05 

Vdc 

V:n  "Vnn  or  0 

in  uu 

10 



0.05 

0 

0.05 

0.05 

IS 

0.05 

0 

0.05 

0.05 

"1"  L«wl 

Vnu 

5.0 

455 

4.95 

5.0 

4 .95 

— 

Vdc 

Vin-OorVoQ 

10 

9.95 

_ 

9.95 

10 

9.95 

IS 

14.95 

_ 

1435 

15 

1435 

inpui  v  oiieyv                            v  Mivi 

Vn 
1 L 

Vdc 

5.0 

1.5 

— 

2.25 

1.5 

— 

1 .5 

IUA  aQAnr  1  ft  V/fi^t 

10 

3.0 

4.50 

3.0 

J.U 

(V0-  13.5  or  1.5  Vdc) 

15 



4.0 

6.75 

4  0 

4  0 

"1"  Level 

V|H 

(V0  •  0.5  ot  4.5  Vdc) 

5.0 

3.5 

_ 

3.5 

2  75 

3.5 

Vdc 

(V0- 1-0  or  9.0  Vdc) 

10 

7.0 

_ 

7.0 

5.50 

7.0 

<Vo-1.Bor  13.5  Vdcl 

15 

11.0 

— 

11.0 

 !LH5  

1 1 .0 

Output  Drive  Currant  (AL-Devicel 

lOH 

mAdc 

IVoh  *  2.5  Vdc)  Sourea 

5.0 

-3.0 



-2.4 

—4.2 

— 1.7 

(Voh -4.6  Vdc) 

5.0 

-0.64 



-0.51 

-OJ38 

—0.36 

(V0H-  9-6  Vdcl 

10 

-1j6 

_ 

-1.3 

-2  2  5 

—0.9 

(Voh  *  '3.5  Vdc) 

15 

-4.2 

- 

-3A 

-8.8 



-2.4 



(Vol -0.4  Vdc)  Sink 

<OL 

5.0 

0.64 

- 

0.51 

0.68 

0.38 

mAdc 

(vol -05  vdcl 

10 

1.6 

- 

1.3 

2.25 



0D 



(vol  -  1.6  vdcl 

15 

4.2 

- 

3.4 

aa 

- 

2.4 

- 

Output  Drive  Currant  (CL/CP  Oavica) 

'OH 

mAdc 

(Voh  "2.5  Vdcl  Souk* 

5.0 

-2.5 

— 

-2.1 

-4.2 

- 

-1.7 

- 

(Voh  -  4*  Vdcl 

5.0 

-052 

-0.44 

-0.88 

- 

-0.36 

— 

(Voh  "  9-5  Vdcl 

10 

-1.3 

-1.1 

-225 

- 

-0JB 

- 

(Voh  * f3£  v*' 

15 

-3.6 

-3D 

-8.8 

- 

-2.4 

- 

(V0L-p.4Vde)  Sink 

"OL 

5.0 

0.S2 

— 

0.44 

058 

- 

0JB 

- 

mAdc 

(vql  ■  o.b  vdcl 

10 

1.3 

1.1 

2.25 

— 

0.9 

— 

(Vol  "' -5  Vdcl 

15 

3.6 

3.0 

as 

2.4 

— 

Input  Currant  IAL  Davice) 

■in 

IS 

— 

i0.1 

1 0.00001 

101 

— 

11.0 

tiAdc 

Input  Currant  ICL/CP  Device) 

•in 

IS 

— 

103 

40.00001 

103 



no 

pAdc 

Input  Capacitance 

Cin 

— 

— 

— 

5.0 

7.6 

- 

- 

pF 

(V|„  -  0) 

Quiescent  Current  (AL  Device) 

lOD 

S.0 

5.0 

0X105 

6.0 

150 

MAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.016 

20 

600 

Quiescent  Current  (CL/CP  Devieel 

■OD 

5.0 

20 

0.006 

20 

150 

jjAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Totel  Supply  Current**! 

it 

5.0 

lT*<0.B8uA/kHllf+  lDD 

wAdc 

IDynamic  plus  Quiescent. 

10 

iT-(1.2(iA/kHl)f  +  lDo 

Per  Package) 

15 

lT-(1.7uA/kHl>f  +  lDD 

ICl  -  50  pF  on  all  outputs,  all 
buffers  switching) 

Tiqw-  -55X  for  AL  Device.  -4CTC  for  CL/CP  Dovlco.  fTo  calculate  total  supply  current  at  loads  other  than  50  pF: 

Thlah-  +125*C  for  AL  Device,  +S5*C  lor  CL/CP  Device. 

IT(CL)  -  »T<50pF)  +  <CL  -50)  Vlk 

#Data  tabelled  "Typ"  Is  not  to  be  used  for  design  purposes  but  is 
Intended  aa  an  Indication  of  the  (C'e  potential  performance.  where:  It  Is  In  i*A  (per  peckage).  C\_  in  pF,  V  -  (Vqq  -  Vss) ln  V0,,B-  . 

f  In  kHz  is  Input  frequency,  and  k  -  0.001 . 

"The  formulas  given  are  for  the  typical  characteristics  ortty  at  25*C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.. 
However,  precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this 
high-impedance  circuit.  For  proper  operation.  Vjn  and  V0U|  should  be  constrained  to  the  range  Vss  *  (Vin  or  vout)  * 

vdd 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD)-  Unused  outputs 
must  be  left  open. 
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SWITCHING  CHARACTERISTICS'  |CL  =  50  pF.  TA  =  25 "CI 


All  Types 

Character  iitie 

Symbol 

VDD 

Min 

Typo 

Max 

Unit 

Output  Rtso  find  Fsll  Tlrno 

'TLH. 

ns 

<TLH.  'THL  "  <'.5  m/pF)  CL  +  25  ns 

'THL 

5.0 

100 

200 

<TLH.  'THL  =  <°-7S  ns/pF)  Cl  +  12.S  ns 

10 



50 

100 

'TLH.  'THL  ~  (0.55  ns/pF)  C|_  +  9.5  ns 

15 

40 

80 

Propagation  Delay  Time 

«PLH. 

ns 

Clk  to  Q 

'PHL 

'PLH.  ■PHL  °  1,  7  ns/pF)  CL  *  230ns 

5.0 

200 

400 

'PLH.  'PHL  "  l0  66  ns/pF)  C(_  ♦  97  n» 

10 

100 

200 

tpi_H.  tpHL  "        n*/pF>  C|_  ♦  75  ns 

15 

an 

180 

Clk  to  COU| 

«PLH. 

ns 

'PLH.  tpHL*""-7n,/PFI  CL  *  230  ns 

«PHL 

5.0 

500 

tpi_H>  'PHL  **  10.66  ns/pF)  C\_  ♦  97  ns 

10 

130 

260 

'PLH.  'PHL  "  10  5  n«/pFI  C(.  t  76  ns 

15 

85 

190 

Cin  lo  Cout 

«PLH. 

ns 

'PLH. 'PHL"  "  7  ns/pFI  C|.  ♦  95ns 

•PHL 

5.0 

_ 

175 

360 

'PLH-  'PHL  °  10.66  ns/pFI  C(_  +  47  ns 

10 



50 

120 

lm  a  a    ini  ii   a  {A:  H  nt/nt»t  l^a    ±  Id  Mat 

(P[.H'  PHL     iu*v  nupri    l     «9  ns 

15 



50 

100 

PE  to  Q 

'PLH. 

ns 

'PLH.  'PHL  °  "'-7  ns/pF)  C|_  +  230  ns 

'PHL 

5.0 



235 

470 

tpi  u  tpui  -  (0  66  ns/DFI  Ci  ♦  Q7  ns 

10 

— 

too 

200 

'PLH*  'PHL™  10.5  ns/pFI  C|_  ♦  73  ns 

15 

— 

60 

160 

PE  to  C  . 

'PLH. 

n» 

'PLH.  'PHL3  "'7  ns/pFI  C|_  ♦  .465  ns 

'PHL 

5.0 

- 

320 

640 

'PLH*  'PHL°  10.66  ns/pF)  C|_  +  192  ns 

10 

— 

145 

2S0 

'PLH.  'PHL"  f0-5  nt/PFI  Ci.  ♦  125  ns 

15 

105 

210 

Clock  Pulse  Width 

tyvfcl) 

5.0 

180 

90 

— 

ns 

10 

80 

40 

15 

30 

Clock  Pulse  Frequency 

'cl 

5.0 

 —  

4.0 

2.0 

MHz 

10 

8,0 

4.0 

15 

10 

5.0 

Preset  Removal  Time 

tiem 

5.0 

160 

80 

— 

ns 

The  Preset  Signal  must  be  low  prior  to  a  positive-going 

10 

80 

40 

transition  of  the  clock. 

15 

80 

in 

Clock  Rise  and  Fall  Time 

Well 

5.0 

— 

— 

1  5 

lit 

«(cl> 

10 

5 

15 

Carry  In  Setup  Time 

<su 

5.0 

150 

75 

— 

ns 

10 

60 

30 

15 

40 

20 

Up/Down  Setup  Time 

5.0 

340 

170 

ns 

10 

140 

70 

15 

100 

50 

Binary /Decade  Setup  Time 

5X1 

320 

160 

ns 

10 

140 

70 

15 

100 

50 

Preset  Enable  Pulse  Width 

<W 

5.0 

130 

65 

ns 

10 

70 

35 

15 

50 

25 

*Tho  formulas  gtvsn  aro  for  tho  typEeal  characteristic!}  only  al  2S*C. 


#Oata  labollod  "Typ"  ta  not  to  bo  uiod  for  design  purposos  but  Is 
Intondod  as  an  Indication  of  the  IC'a  potential  performance. 
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MC14029B 


FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORM 


FIOURE  2  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 
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MC14029B 


FIGURE  3  -  DIVIOE  BY  N  BCD  DOWN  COUNTER  and  TIMING  DIAGRAM 
(Shewn  for  N  *  123) 
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LOGIC  DIAGRAM 


CD 


MOTOROLA 


TRIPLE  SERIAL  ADDERS 

The  MC14032B  and  MC1403SB  triple  serial  adders  have  the  clock 
and  carry  reset  inputs  common  to  all  three  adders.  The  carry  is 
added  on  the  positive-going  clock  transition  for  the  MC14032B,  and 
on  the  negative-going  clock  transition  for  the  MC14038B.  Typical 
applications  include  serial  arithmetic  units,  digital  correlators,  digital 
servo  control  systems,  datalink  computers,  and  flight  control 
computers. 

•  Buffered  Outputs 

•  Single-Phase  Clocking 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range. 

•  Pin-for-Pin  Replacement  for  CD4032B  and  CD4038B. 


MAXIMUM  RATINGS'  IVoilages  Referenced  lo  Vgg) 


Symbol 

Parameter 

Value 

Unit 

vdd 

DC  Supply  Voltage 

0  5  to  -  18  0 

V 

vin  v0u, 

Inpul  or  Output  Voltage  (DC  or  Transient) 

-  0  5  lo  VDD  -05 

V 

'm  'ou! 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

i  10 

mA 

PD 

Power  Dissipation,  per  PackageT 

500 

mW 

'stci 

Storage  Temperature 

-  65  lo  -  150 

'l 

Lead  Temperature  (8-Second  Soldering) 

260 

C 

•Maximum  Ratings  are  those  values  Deyond  which  damage  to  the  device  may  occur 
:  Temperature  Derating   Plastic  "P   Package  -  12mw  *C  <rom  65*C  to  85"C 

Ceramic    L   Package    -  !2mW  C  from  100'C  to  125"C 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  lields.  However,  precautions  must  be  taken  to  avoid 
applications  ot  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation,  Vjn  and  Vout  should  be  constrained 
to  the  range  Vss  =s  (Vin  or  Vout)  VDD. 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.. 
either  Vgg  or  Vdd).  Unused  outputs  must  be  iett  open. 


MC14032B 
MC14Q38B 


CMOS  MSI 

ILOW  POWER  COMPLEMENTARY  MOS) 

TRIPLE  SERIAL  ADDERS 

Pasitivf  Logic  -  MC14032B 
Negative  Logic  -  MC14038B 


L  SUFFIX 
CERAMIC  PACKAGE 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series:  -55'Cto  +  12S"C 
MC14XXXBAL  (Ceramic  Package  Onty) 

C  Sories:  -40*C  lo  +85"C 
MCI4XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 


Invert  1     7  5- 


A2  13  c— 
B2  12  o- 
Invert  2    5  0— 


A3  15  o- 
B3  14  c— 
Invart  3    2  0— 
Clock    3  o- 
Carry  RtMt    6  o— 


I  SI 


VSS  "  pin  8 


LOGIC  DIAGRAMS 
(ONE  SECTION  AND  COMMON  INPUTS  SHOWN) 
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MC14032B«MC14038B 


ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  vS3> 


VDD 

Tie 

25°C 

Chiractsrlstic 

Symbol 

Vde 

Mln 

Max 

Mln 

Typ  *» 

Max 

Min 

Max 

Unit 

Output  Voltage              "0"  Level 

VOL 

5.0 

_ 

O.OS 

0 

0.05 

0.05 

Vdc 

vin  =  V00orO 

10 

0.05 

0 

0.05 

0.05 

15 

0.05 

o 

0.05 

0  05 

"1"  Level 

vOH 

5.0 

455 

_ 

4.95 

5.0 

— 

4.95 

Vdc 

Vjn-Oor  VDD 

10 

9.95 

_ 

935 

10 

9.95 

15 

1435 

_ 

1435 

15 

14.95 

Input  Voltage                   "0"  Level 

V|L 

Vdc 

(Vq  -4.5  or  0.5  Vdcl 

5.0 

1.5 

2.25 

1.5 

1  .5 

(Vq -9.0  or  1.0  Vdcl 

10 

_ 

3.0 

3.0 

3.0 

(V0- 13.5  or  1.5  Vdc) 

15 

— 

4.0 

6  75 

4.0 

4.0 

"1"  Level 

V|H 

(V0  =0.5  or  4.5  Vdcl 

5.0 

3.5 

_ 

3.5 

2.75 

3.5 

Vdc 

(V0»  1.0  or  9.0  Vdc) 

10 

7.0 

— 

7  0 

5.S0 

7.0 

(V0»1.5  or  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 

11.0 

Output  Drive  Current  (AL  Device) 

'OH 

mAdc 

(VOH  °  2.5  Vdcl  Source 

5.0 

-3.0 

- 

—  2  4 

—4  2 

—  1  7 

(V0H  -4.6  Vdcl 

5.0 

-0.64 

- 

—0.51 

—0.88 

—0.36 

<V0H"9.SVdc) 

10 

-1.6 

- 

—  1.3 

—  2.25 

—0.9 

'V*OH  ~  13-5  Vdc) 

15 

-4.2 

- 

-3.4 

-8.8 

_ 

-2.4 

_ 

(V0L  "0.4  Vdcl  Sink 

'OL 

S.O 

0.64 

- 

0.51 

0.8B 

0.36 



mAdc 

(v0l  "OS  voc) 

10 

13 

- 

1.3 

2.25 

- 

0.9 

- 

(Vql  °  Vdcl 

15 

4.2 

— 

3.4 

8.8 

- 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

IVoh  '  2.5  Vdcl  Source 

5.0 

-2.5 

-2.1 

-4.2 

— 

-1.7 

- 

'"OH  ^.U  Vdc) 

5.0 

—0.52 

-0.44 

-0.88 

— 

-0.36 

— 

1 1  J  ^  .  ,  _  n  C  W*aWl 

ivqh    9.5  Vdcl 

10 

—  1.3 

-1.1 

-2.25 

- 

-0.9 

- 

'"OH     13.3  VuCl 

15 

—  3.6 

-3.0 

-B.8 

— 

-2.4 

— 

(Vql  b0.4  Vdc)  Sink 

'OL 

5.0 

0.52 

0.44 

0.88 

— 

0.36 

— 

mAdc 

ivql  wu.d  vqci 

1.3 

1.1 

2.25 

— 

0.9 

— 

ivol  »oci 

IS 

3.6 

3.0 

83 

2.4 

Input  Current  (At  Device) 

'in 

15 

±0.1 

1 0.00001 

10.1 

11.0 

wAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

- 

10.3 

10.00001 

103 

— 

11.0 

uAdc 

Input  Capacitance 

Cin 

— 

— 

- 

5.0 

7.5 

_ 

pF 

(Vjn-0) 

Quiescent  Current  (AL  Device) 

■dd 

5.0 

- 

5.0 

0.005 

S.O 

150 

uAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

'00 

5.0 

20 

0.005 

20 

150 

jiAdc 

(Per  Package! 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current**t 
(Dynamic  plus  Quiescent, 

'T 

S.O 
10 

lT  ■  (0.96  uA/kHz)  f  ♦  Iqq 
lT-U.B3liA/kHl)f*  Iqq 

uAdc 

Per  Package) 

IS 

lT  »  (2.8  nA/kHz)  f  ♦  lDD 

(C|_  -  50  pF  on  all  outputs,  all 

buffers  switching) 

"Tlow"  -S5"C  lor  AL  Device.  -40*C  for  CUCP  Oovlco. 
Thigh"  +  12S'C  lor  AL  Device.  +B5'C  (or  CL/CP  Oovlco 

#Data  labelled  "Typ"  Is  not  to  be  usod  (or  design  purposes  but  is 
inlonded  as  an  Indication  or  the  IC's  potential  performance. 

"The  formulas  given  are  lor  the  typical  characteristics  only  at  25*C. 
Tib  calculate  total  supply  current  at  loads  othor  than  50  pF: 

It(Cl)  -  'T(60  Pf>  +  ICl  -50> v,k 

where:  It  Is  in  u,A  (per  package).  C[_  in  pF.  V  -  (VDD~VSS)  *n  volts 
f  In  kHz  Is  Input  frequency,  and  k  *  0.003. 


PIN  ASSIGNMENT 


 \j  

S3  V00 
Inv  3  A3 
C  S3 
S2  A2 
Inv  2  B2 
Carry  Plate!  81 
Inv  1  A1 
VSS  SI 


3  16 
315 
31« 
313 
312 
311 
310 
39 
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MC14032B*MC14038B 


SWITCHING  CHARACTERISTICS*   <CL  •  80  pF,  TA  -  26°C) 


CnBisctBristic 

Symbol 

VDO 

Veto 

Min 

Typ# 

Max 

Urdt 

Output  RtM  and  Fall  Tims 
tjLH.  ITHL  ~  0  S  na/pF)  CL  +  23  ns 
ITLH.  'TKL  ~  (0.7B  na/pF)  C|.  +  12.S  ra 

•tlh- 
•thl 

6X1 
10 

- 

100 
50 

200 
100 

nt 

tTLH.  <THL  ~  (0-55  IIS/pF)  C(.  +  9.S  na 

IS 

- 

40 

80 

Propagation  Delay  Time 
A.  B  or  Invart  to  Sum 

'PLH,  tpHL  "       na/pF)  Ci_  +  195  nt 

vlh. 

<PHL 

6.0 

- 

280 

1400 

nt 

<PLH.  <PHL  "  (0  6*  "»/pFI  C|_  +  87  m 
•PLH,  'PHL  *  1 0.6  nt/pF)  Ci_  +  65  nt 

10 
16 

— 

- 

120 
90 

300 
230 

Clock  to  Sum 

nt 

•PLH,«PHL"  (1.7nt/pF)  Ci_  + 415  ns 
•PLH.  tPHL  *  '0  66  n>/pF)  C|.  +  147  nt 
'PLH,  'PHL  *  'O  S  nt/pF)  C|_  +  110  tit 

6.0 
10 
16 



- 

600 
180 
136 

2400 
600 
460 

Input  Setup  Tims 

<<u 

6.0 

10 

-10 

nt 

10 

10 

0 

15 

10 

0 

Clock  Pulte  Frequency 

«cl 

5.0 

4.0 

1.0 

MHz 

10 

10 

2.5 

16 

12 

4.0 

Clock  Rita  and  Fall  Timet 

THL.  'TLH 

6.0 
10 

15 

5 

15 

4 

"The  formulas  given  are  for  the  typical  characteristics  only  at  28*C. 


#0ata  labelled  "Typ"  Is  not  to  be  used  tor  design  purposes  but  Is 
Intended  as  an  Indication  of  the  (C'e  potential  performance. 


TIMING  DIAGRAMS 


MC14032B 


Word  1:   0.0111100  -  «S0 
Word  2:    0.0110010  -  ♦BO 
0.1101110  -*110 


Word  3:  1.1011011  -  -37 
Word  4:    1.1001110  • 

1.0101001  -  -87 


MC14038B 


C  . 
Inv  ' 
CR  . 

S  . 


-Word  1  *  Word  2  - 


-True  Sum  - 


-Word  3  «  Word  4- 


Wordl:    1.1000011  --61 
Word  2:    1.1001101  -  -81 
1.0010000- -112 


'Complemented  Sum*  . 

Word  3:    0.010010O  -  +36 
Word  4:    0,0110001  -  «3 
0.1010101  -  ♦SB 


Note:  Unused  input  pins  must  be  connected  to  either  Vqq  or  Vgg. 
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MC14032B«MC14038B 


FIGURE  1  -  TYPICAL  OUTPUT  SOURCE  TEST  CIRCUIT 
Vos  -  voh  -  Vqo 

VDD  -  -  Vos  VOH 

9voo 
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FIGURE  2  -  TYPICAL  OUTPUT  SINK  TEST  CIRCUIT 
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FIGURE  3  -  POWER  DISSIPATION  TEST  CIRCUIT  ANO  WAVEFORMS 
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MC14032B«MC14038B 


FIGURE  4  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 
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® 


8-BIT  UNIVERSAL  BUS  REGISTER 

The  MC14034B  is  a  bidirectional  8-bit  static  parallel/serial, 
input/output  bus  register.  The  device  contains  two  sets  of  input/ 
output  lines  which  allows  the  bidirectional  transfer  of  data  between 
two  buses;  the  conversion  of  serial  data  to  parallel  form,  or  the 
conversion  of  parallel  data  to  serial  form.  Additionally  the  serial 
data  input  allows  data  to  be  entered  shift/right,  while  shift/left  can 
be  sccompolished  by  hard-wiring  each  parallel  output  to  the  previous 
parallel  bit  input 

Other  useful  applications  for  this  device  include  pseudo-random 
code  generation,  sample  and  hold  register,  frequency  and  phase- 
comparator,  address  or  buffer  register,  and  serial/parallel  input/ 
output  conversions. 

•  Bidirectional  Parallel  Data  Input 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  °  3.0  Vdc  to  IB  Vdc 

•  Capable  ol  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schollky  TTL  Load  Over  the  Rated  Temperature  Range. 

•  Pin-for-Pin  Replacement  for  CD4034B. 


MAXIMUM  RATINGS*  (Voliages  Referenced  to  vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-O.Sto  +18.0 

V 

V|n-  V0ut 

Input  or  Output  Voltage  (DC  or  Transient) 

-  0.5  to  Vdd  +0.5 

V 

'in-  'out 

tnput  or  Output  Current  (DC  or  Transient),  par  Pin 

•10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

Tstn 

Storage  Temperature 

-65  to  +150 

•c 

TL 

Load  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
-(Temperature  Derating:  Plastic  "P"  Package:  -  12mW/*C  from  65*C  to  85*C 

Ceramic  "I"  Package:  -  i2mW/*C  from  100*0  to  125°C 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-im- 
pedance circuit.  For  proper  operation,  Vjn  and  Vout  should  be  constrained  to  the 
range  Vss  *  (Vin  or  Voul)  «s  V0D. 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either 
V*ss  or  VDD)-  Unused  outputs  must  be  left  open. 


MC14034B 


CMOS  LSI 

(LOW-POWER  COMPLEMENTARY  MOS) 

8-BIT  UNIVERSAL  BUS  REGISTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  623 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  70S 

ORDERING  INFORMATION 

A  Series:  -  SS'C  to  +  125*C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series  -40'Clo  +8S"C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


PIN  ASSIGNMENT 
 \J  


1  ( 

2  I 

3  I 

4  I 

5  C 

6  ( 

7  I 

8  I 

9  ' 

10  I 

11  I 

12  1 


B8 
87 
86 
BS 
84 
83 
82 
81 

A  Enable 

DS 
A/B 

VSS 


AB 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
C 
A/S 
P/S 


124 
3  23 
122 
121 
)20 
1  19 
118 
J17 
316 
315 
114 
3  13 
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ELECTRICAL  CHARACTERISTICS  (Vottagei  Referenced  10  vss) 


v00 

Tie 

• 

IW 

2S°C 

T„ 

Hi* 

ClwKttristic 

Symbol 

Vdc 

Min 

Men 

Min 

Typ  # 

Max 

Min 

Max 

Unit 

Output  Voltage               "0"  Leva) 

Vni 
-UL 

5.0 

o.os 

- 

0 

0.05 

0  05 

Vdc 

V;«  >Vnn  or  0 

10 

0.05 

- 

0 

0.05 

0  05 

15 

0.05 

— 

0 

005 

0.05 

"1"  Level 

Vnu 

5.0 

4  95 

4.95 

5.0 

- 

435 

Vdc 

Vin-0or  VD0 

10 

9.95 

935 

10 

- 

9.96 

15 

14.95 

1435 

IS 

- 

1435 

input  voltsQe                    0  Level 

Vn 

VIL 

Vdc 

III-  _  A  C  Mr  ft  R  U*e>l 

IVQ     4.9  Of  U.D  VOCI 

5.0 

1.5 

- 

2.25 

1.5 

1 .5 

(Un  ■  Q  0  or  1  0  Vrfrl 

10 

3  0 

4.50 

3.0 

3.0 

IVq  ■  13.5  Of  1.S  Vdcl 

15 

4.0 

— 

6.75 

4.0 

4.0 

"1"  Level 

Viu 

(V0  ■  0.5  or  4.5  Vde) 

5.0 

3.5 

3.5 

2.75 

— 

3.5 

Vdc 

IV0  '  1.0  or  9.0  Vdcl 

10 

7.0 

_ 

7.0 

5.50 

— 

7.0 

_ 

(V0-  1.5  or  13.5  Vdcl 

IS 

11.0 

_ 

11.0 

8.25 

— 

11.0 



Output  Drive  Current  (AL  Oevicel 

'OH 

mAd_ 

(Vqh  "  2.5  Vdcl  Source 

5.0 

—1.2 

-1.0 

-1.7 

— 

-0.7 

(Vqh  '  4.6  Vdcl 

s.o 

-0.25 

-0.2 

-0.36 

— 

-0.14 

IVoH  "  9  5  Vdcl 

10 

-0.62 

_ 

-0.5 

-03 

-035 

_ 

(V0H  -  13.S  Vdcl 

IS 

-1.8 

_ 

-1.S 

-3.5 

-1.1 

_ 

IVOL  -  0.4  Vdcl  Sink 

'OL 

s.o 

0.64 

_ 

0  51 

n  fin 

U-O0 

0.36 



mAdc 

(V0L  -  0.5  Vdcl 

10 

1.6 

_ 

1.3 

2.25 

03 

_ 

(v0l  "  i-s  vdcl 

15 

4.2 

- 

3.4 

8.8 

_ 

2.4 

- 

Output  Drive  Current  (CL/CP  Device) 

■oh 

mAdc 

(V0H  -2.5  Vdcl  Source 

5.0 

-1.0 

- 

-0  8 

-1.7 

_ 

-0.6 

- 

•vOH  "  4-6  v*l 

5.0 

-0.2 

- 

-0.16 

-0.38 

_ 

-0.12 

- 

(Vqh  "  *s  vdc' 

10 

-0.5 

- 

-0.4 

-0.9 

_ 

-OJ 

- 

,vOH  '  13  5  Vdcl 

15 

-1.4 

- 

-1.2 

-0.5 

_ 

-1.0 

- 

(Vol  "  04  vdcl  Sink 

'OL 

S.O 

0.52 

- 

0.44 

038 

_ 

0.36 

- 

mAdc 

ivql  ■  °-6  v*' 

10 

1.3 

- 

1.1 

2.25 

_ 

0.9 

- 

ivql  ■  i  .5  vdcl 

IS 

3.6 

- 

3.0 

8.8 

2.4 

- 

Input  Current  (AL  Device) 

■in 

15 

— 

10.1 

1000001 

10.1 

- 

11.0 

uAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

— 

t0.3 

10.00001 

10J 

- 

11.0 

uAdc 

Input  Cepscilence 

Cin 

_ 

_ 

5.0 

7.5 

_ 

_ 

pF 

(Vin-0l 

Quiescent  Current  (AL  Device) 

 J  

■DO 

5.0 

— —  

S.O 

0.010 

S.O 

ISO 

MAdc 

(Per  Package) 

10 

-  ■ 

10 

0.020 

10 

- 

300 

15 

— 

20 

0.030 

20 

- 

600 

Quieicent  Current  (CL/CP  Device) 

■do 

S.O 

- 

50 

0.010 

50 

- 

375 

uAdc 

(Per  Package) 

10 

— 

100 

0.020 

100 

- 

760 

15 

200 

0.030 

200 

1500 

Total  Supply  Current*" t 

It 

5.0 

IT  '   (2  2  uA/kHzl  f  ♦  Iqd 

fiAdc 

(Dynamic  plus  Quiescent. 

10 

lT-   f4.4«A/kHl|i+  lDD 

Per  Package) 

IS 

>T  '   166  uA/kHll  f  *  loo 

(Ci  »  50  pF  on  all  outputs,  ad 

buffers  switching) 

3 -State  Output  Leakage  Current 

•tl 

IS 

10.1 

■0.0001 

10.1 

l3J> 

MAdc 

(AL  Oevicel 

3-St«to  Output  Leakage  Current 

'TL 

IS 

11.0 

tO.0001 

11.0 

17* 

uAdc 

(CL/CP  Oevicel 

*T[cjw"  -55"C  for  AL  Dovico.  -40"C  for  CL/CP  Device.  fTo  cs!cu!s1e  total  supply  current  at  loads  other  than  SO  pF: 

Th(gh  "  +  125*C  (or  AL  Dovico.  +85*0  for  CL/CP  Dovico. 

It(cL>  "  'TtSOpP)  +  (CL  -50]  Vfk 

#Dste  labelled  "Typ"  Is  net  to  be  used  for  design  purposes  but  is 
Intended  as  an  Indication  of  tho  IC's  potential  performance.  where:  \j  Is  In  jlA  (per  packago).  C|_  In  pp.  V  -  (VDD- Vgs)  In  volis. 

f  in  kHz  lo  input  frequency,  and  k  -  0.004. 

"The  formulas  given  are  for  the  typical  characteristics  only  at  25*C. 
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SWITCHING  CHARACTERISTICS*    (CL  ■  60  pF.  TA  -  26°C) 


Characteristic 

VOD 
Vdc 

Min 

Typ# 

Ml* 

Unit 

Output  Rise  Time  A  or  B 

'TLH  "  (3X1  m/pF)  Cl  +  30  ns 
«TLH  "  <V-6  ns/pFI  Cl  +  16  ns 
*TLH  "11*1  ns/pFI  Cl  +  10  ns 

<TLH 

B.0 
10 
16 

ISO 
90 
65 

380 
180 
130 

nt 

Output  Fill  Time  A  or  B 

THL  "  "  -6  nt/pFI  Cl  +  26  ni 
tTHL  "  <0.76  m/pF)  Cl  ♦  12.6  ns 
tJHL  "  <0*5  nt/pF)  Cl  +9.5  m 

«THL 

.6.0 
10 
15 

- 

100 
50 
40 

200 
100 
80 

ns 

Propagation  Delay  Tims 

A  (B)  Synchronous  Parades  Data  Input, 

Q  lAI  PsrsfLfel  Rata  Otitmi* 

™LH,  *PHL         m/pri  v#L  ni 
tpHL,  IPHL  "  (0.66  ns/pFI  Cl  + 172  ns 
tpLH.  <PHL  *  '0  5  maW  Cl  +  120  m 

'PHL 

6  0 
10 
15 

_ 

S2S 
206 
146 

1060 
410 
290 

ns 

r  f  mfOQpniM*!  WBI^r  1  [1 1  Ml 

A  (Bl  Asynchronous  Parellel  Deta  Input 
B  IAI  Parallel  Data  Output 
'PLH,  'PHL  "  I'-7  ™'pFI  Cl  ♦  420  ns 
tpLH,  'PHL  *  I0'66  "VpFI  Cl  +  147  ns 
'PLH,  'PHI "  (0.6  ns/pF)  Cl  +  105  ns 

tDI  U 

'PHL 

6X1 
10 
IS 

_ 

SOS 
ISO 
130 

1010 
360 
260 

ns 

Clock  Puis*  Width 

6X1 

340 

170 

ns 

10 

140 

70 

_ 

16 

110 

55 

- 

Clock  Pulse  Frequency 

'cl 

6.0 

_ 

2.5 

1.2 

MH< 

10 



6.0 

3.0 

IS 

8.0 

4X1 

Dock  Pulse  Rise 

tTLH,  *THL 

6.0 
10 

15 
5 

us 

16 

4 

A,  B  Input  Setup  Time 

<su 

6.0 
10 

100 
45 

35 
IS 

ns 

IS 

35 

12 

High  Level  SE,  P/S.  A/S  Pulse  Width 

<WH 

6X1 

600 

200 

ns 

.10 

270 

80 

IS 

200 

SO 

*Tho  formulas  gtvon  era  for  the  typical  characteristics  only  at  25*C. 


#Data  loballad  "Typ"  la  not  to  bo  used  for  design  purposos  but  la 
fntondod  at  an  Indication  of  tho  IC'a  potontlal  poriormanca. 


TRUTH  TABLE 


"A"  Enable 

P/S 

A/B 

A/S 

MODE 

OPERATION! 

0 

0 

0 

X 

Sarin 

Synchronous  Serlel  dete  Input.  A  end  B  parallel  data  outputs  disabled. 

0 

0 

1 

X 

Serial 

Synchronous  Serial  data  Input.  B-Peratlel  data  output. 

0 

1 

0 

0 

Parellel 

B  Synchronoua  Parallel  deta  inputs.  A-Parellal  deta  outputs  disabled. 

0 

1 

0 

1 

Parallel 

B  Asynchronous  Parallel  dete  inputs.  A-Perellel  data  outputs  disabled. 

0 

1 

1 

0 

Parallel 

A-Paraltel  data  Inputs  disabled.  B-Paratlel  dete  outputs. 

0 

1 

1 

1 

Parallel 

A'Paralleldete  inputs  disabled.  B-Paratlel  date  outputs. 

1 

0 

0 

X 

Serial 

Synchronous  serial  data  Input,  A-Parallel  data  output. 

1 

0 

1 

X 

Serial 

Synchronoua  serial  dete  Input.  B-Perellal  date  output. 

1 

1 

0 

0 

Parellel 

B-Synchronous  Parellel  deta  input.  A-Perallef  data  output. 

1 

1 

0 

t 

Parallel 

B- Asynchronous  Parallel  data  Input.  A-Paratlel  data  output. 

1 

t 

1 

0 

Parellel 

A-Synchronous  Parallel  deta  Input.  B-Parallel  dete  output. 

1 

1 

1 

1 

Parellel 

A.Asynchronous  Perellal  data  input.  6-Paretlel  deta  output. 

X  -  Oon't  Caro 

t Output*  chanae  at  positive  transition  of  clock  In  tho  serial  mode  and  when  the  A/S  Input  Is  low  In  the  perellel  mode. 
During  transfer  from  parellel  to  serial  operation,  A/S  should  remain  low  In  order  to  prevent  Dg  transfer  into  flip-flops. 
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EXPANDED 
BLOCK  DIAGRAM 


Sarlal  Data 

Input 

Enable  A  — 
A/B— 

Peretlal/Serlal  P/S— 
Aivn/Svn  A/S  — 
Clock- 


Control 
Logic 


Data 

A1         A2        A3        A4        AS         A6        A7    .  AS 


I 

3-Bit  Raglttar 

t  I 

Bl  B2 

f 

B3 

B4  BS 

t 

BS 

I  t 

B7  BB 

OPERATING  CHARACTERISTICS 


The  MC14034B  is  composed  of  eight  register  calls  con- 
nected in  cascade  with  additional  control  logic.  Each 
register  cell  is  composed  of  one  "0"  master-slave  flip-flop 
with  separata  internal  clocks,  and  two  data  transfer  gates 
allowing  the  data  to  be  transferred  bidirectionally  from 
bus  A  to  bus  B  and  from  bus  B  to  bus  A,  and  to  be 
memorized.  Besides  the  single  phase  clock  and  the  serial 
data  inputs,  the  control  logic  provides  four  other  features: 

A  Enable  Input  -  When  high,  this  input  enables  the 
bus  A  data  lines. 

A/B  Input  (Data  A  or  B)  —  This  input  controls  the 
direction  of  data  flow:  when  high,  the  data  flows  from 


bus  A  to  bus  B;  when  low,  the  data  flows  from  bus  B 
to  bus  A. 

P/S  Input  (Parallel/Serial)  —  This  input  controls  the 
data  input  mode  (parallel  or  serial).  When  high,  the  data  is 
transferred  to  the  register  in  a  parallel  asynchronous  mode 
or  a  parallel  synchronous  mode  (positive  clock  transition). 
When  low,  the  data  is  entered  into  the  register  in  a  serial 
synchronous  mode  (positive  clock  transition). 

A/S  Input  (Asynchronous/Synchronous  to  the  Clock) 
-  When  this  input  is  high,  the  data  is  transferred  inde- 
pendently from  the  clock  rate;  when  low,  the  clock  is 
enabled  and  the  data  is  transferred  synchronously. 
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FIGURE  1  —  PROPAGATION  DELAY  AND  TRANSITION 
TIMES  WAVEFORMS 


PROPAGATION  AND  TRANSITION  TIME  TEST  CIRCUITS 


FIGURE  2  -  A  SYNCHRONOUS  DATA  INPUT.  B  PARALLEL 
DATA  OUTPUT  AND  SETUP  TIME 

oVDO 


Programmable 
PulM 
Ganarator 


tilt  till 


A1  A2  A3 

A4 

AS 

AS 

A7 

AS 

A  Enabla 

P/S 

°S 

A/a 

A/S 

c 

Bt  B2  B3 

B4 

BS 

B6 

B7 

B8 

RQURE  3  —  B  SYNCHRONOUS  DATA  INPUT,  A  PARALLEL 
DATA  OUTPUT  AND  SETUP  TIME 


O  V0D 


Pro^rammabl* 
PulM 
Gerwrator 


TtMi  Mi  Mi 


I 


A1  A2  A3  A4  AS  AS  A7  AS 
A  Enabla 

P/S 

°S. 
A/O 

A/S 

C 

B1  B2  B3  B4   BS  B6  B7  BS 


_£_VSS 


MP 
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FIGURE  4  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORMS 


vdo 
o 


Programmable 
Putt* 
Ganarator 


I      I    81  1 

9vss  r~ 


A1 

A2  A3 

A4 

AS 

AS 

A7 

AS 

AE 

P/S 

C>S 

A/B 

C 

Bl 

B2  83 

84 

BS 

B6 

87 

00 

Clock  SOX 


DS  90*, 
10% 


'      hp  £Z 


V00 

Vss 


<WH  -  TWL  -  50%  Duty  Cvcl* 


FIGURE  5  -  IB-BIT  PARALLEL  IN/PARALLEL  OUT.  PARALLEL  IN /SERIAL  OUT. 
SERIAL  IN/PARALLEL  OUT.  SERIAL  IN /SERIAL  OUT  REGISTER 


Li 


Swltl  v 
Data  S 

VODO_ 


A/S>- 
Clock>- 


1    1    j    T    I    I    T  I 


A1  A2  A3  A4  AS  A6  A7  A8 
A  Enablt 

P/S 

°S  MC14034B 

A/B 
A/S 

Cat  B2  B3  B4  88  86  B7B9 

\  \  \  T  T  n  P 


u 


Serial 
Oata 


A1  A2  A3  A4  AS  AB  A7  AS 
A  Enable 

P/S 

»S 

A/a 

A/S 

CB1  B?  B3  B4  BS  86  87  B8 
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FIGURE  6  -  SHIFT  RIGHT/SHIFT  LEFT  WITH  PARALLEL  INPUTS 
Shift  Left  Output  


Shift  Left/ 
Shift  Ftltftt  • 


lPa> 


Shift  Riflhi 
Input 


A/S  Parillttl 
Cntry 


Rtfiltttr  1 
MCU004B" 


MUM 


us 
°s 

A/B 
A/S 
C 


81 


If 


A1 
AE 

P/S 

»S 
A/B 
A/S 

c  B1 


MMMf 


■  AE 

■  P/S- 


Shift  Right 
Output 


AE 
P/S 

os 
A/e 

A/S 


Register  3 
MC14034B 


TTTTTTTT 


li 


-Register  2 
MC14034B 


Shift 
'Left  Input* 


■A/S 
■  Clock 


Al 

AE 

P/S 
°S 
A/B 
A/S 


Register  4 
MC14034B 


B1  BS 

TTTTTTTT 


v00 


A  "High"  ("Low")  on  the  Shift  Loft/Shift  Right  input  dlows  serial 
data  on  the  Shift  Left  Input  (Shift  Right  Input)  to  enttr  th«  ragisttr 
on  tht  positive  transition  of  tha  clock  signal.  A  "high"  on  tha  "A" 
Enabla  Input  disables  tha  "A"  parallel  data  linn  on  Reg.  1  and  2  and. 
enables  tha  "A"  data  lines  on  registers  3  and  4  and  allows  parallel  data 
into  registers  1  and  2.  Other  logic  schemes  may  be  used  in  place  of 
registers  3  and  4  for  parallel  loading. 

When  paretlal  inputs  era  not  used  Reg.  3  and  4  and  associated  logic 
are  not  required. 

•Shift  left  input  must  be  disabled  during  parallel  entry. 
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4-BIT  PARALLEL-IN/PARALLEL-OUT 
SHIFT  REGISTER 

The  MC14035B  4-bit  shift  register  is  constructed  with  MOS  P- 
channel  and  N-channel  enhancement  mode  devices  in  a  single  mono- 
lithic structure.  It  consists  of  a  4-stage  clocked  serial-shift  register 
with  synchronous  parallel  inputs  and  buffered  parallel  outputs.  The 
Parallel/Serial  (P/SI  input  allows  serial-right  shifting  of  data  or  syn- 
chronous parallel  loading  via  inputs  Dpo  thru  Dp3.  The  True/Com- 
plement (T/C)  input  determines  whether  the  outputs  display  the  Q 
or  Q  outputs  of  the  flip-flop  stages.  J-K  logic  forms  the  serial  input 
to  the  first  stage.  With  the  J  and  K  inputs  connected  together  they 
operate  as  a  serial  "D"  input. 

This  device  may  be  effectively  used  for  shift-right/shift-left  regis- 
ters, parallel-to-serial/serial-to-parallel  conversion,  sequence  genera- 
tion, up/down  Johnson  or  ring  counters,  pseudo  random  code  gener- 
ation, frequency  and  phase  comparators,  sample  and  hold  registers, 
etc.  .  . 

•  4-Stage  Clocked  Serial-Shift  Operation 

•  Synchronous  Parallel  Loading  of  all  Four  Stages 

•  J-K  Serial  Inputs  on  First  Stage 

•  Asynchronous  True/Complement  Control  of  all  Outputs 

•  Fully  Static  Operation 

•  Asynchronous  Master  Reset 

•  Data  Transfer  Occurs  on  the  Positive-Going  Clock  Transition 

•  No  Limit  on  Clock  Rise  and  Fall  Times 

•  All  Inputs  are  Buffered 

•  Supply  Voltage  Range  =  3.0  Vdc  to  16  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS'  (Voltages  Holorenced  lo  VSs) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0  5  to  4-  tB  0 

V 

V,n-  Vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  Vqd  +0  5 

V 

'in-  'out 

Input  or  Output  Curront  (DC  or  Transient),  per  Pin 

±  10 

mA 

PD 

Power  Dissipation,  por  Packagot 

500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

C 

•i 

Load  Tomperature  (8-Socond  Soldonng) 

260 

■c 

'Maximum  Ratings  aro  those  valuos  beyond  which  damage  to  the  dovtce  may  occur 
tTemperature  Derating    Plastic  "P"  Packago    -l2mW/  C  Irom  65  C  to  65  C 

Ceramic  *,L-'  Package  -  12mW/  C  trom  100'C  to  125  C 


TRUTH  TABLE 


INPUTS 

ln  OUTPUT 

C 

J 

V 

R 

QO 

0 

0 

0 

0 

0 

1 

0 

QO(n  1) 

1 

0 

0 

Q0(n  11 

1 

1 

0 

1 

X 

X 

a 

QO.tn   1  ) 

X 

X 

X 

i 

0 

x  ~  Don'!  Car* 

P/S  -  0  -  Sarial  Mod* 

T/C  -  1  -  Tru*  Output* 


CMOS  MSI 

ILOWPOWER  COMPLEMENTARY  MOS) 

4-BIT 

PARALLEL-IN/PARALLEL-OUT 
SHIFT  REGISTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  618 


ORDERING  INFORMATION 

A  SBriBS.  -55°C  lo  +  I25"C 

MC14XXXBAL  (Caramic  Package  Only) 

C  SBriot     40°C  lo  as*c 

MC14XXXBCP  (Plaallc  Packago) 
MC14XXXBCL  ICeramic  Package) 


PIN  ASSIGNMENT 


T/C 

K 

J 

R 

C 

P/S 


'DO 

ai 


lie 


Q3  =113 
Ppg  |=« 

Op, 

□po 


10 

I 
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ELECTRICAL  CHARACTERISTICS  (Vottagoa  Roioroncod  to  vss) 


VDD 

T|o 

IW* 

26°C 

Th 

oh' 

Characteristic 

Symbol 

Vdc 

Min 

Ma> 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage               "0"  Level 

vOL 

5.0 

_ 

0.05 

0 

0.05 

_ 

0.05 

Vdc 

V|n  -  VDD  0'  0 

10 

_ 

0.05 

0 

0.05 

_ 

0.05 

IS 

_ 

0.05 

o 

0.05 

_ 

0.05 

"I"  Level 

V0H 

5.0 

435 

_. 

4*.95 

5.0 

4.95 

_ 

Vdc 

Vin  -  0  or  VDD 

10 

9.95 

_ 

9.95 

10 

9.95 

15 

14.95 

_ 

1435 

15 

14.95 

_ 

Input  Voltage                   "0"  Level 

VIL 

Vdc 

IV0  =  4.Sor  0.5  Vdcl 

5.0 

1.5 

2.25 

1.5 

_ 

1.5 

(Vo°9.0or  1.0  Vdcl 

10 

_ 

3.0 

4  50 

3.0 

_ 

3.0 

(V0  =  13.5  or  1.5  Vdc) 

15 

_ 

4.0 

6  75 

4.0 

- 

4.0 

"1"  Level 

V|H 

Vdc 

<V0  =  0.5  or  4.5  Vdcl 

s.o 

3.5 

- 

3  5 

2.75 

3.5 

- 

IV0  =  1.0  or  9.0  Vdcl 

10 

7.0 

- 

7  0 

5.50 

7.0 

- 

<Vo-1.5or  13.5  Vdcl 

15 

11.0 

- 

1 1 .0 

8.25 

11.0 

- 

Output  Drive  Current  (AL  Device) 

'OH 

mAdc 

IVDH  *  2.5  Vdcl  Source 

5.0 

-3.0 

- 

—  2  4 

—  4.2 

-1.7 

- 

IVOH  '  4-6  Vdcl 

S.O 

-0.64 

- 

-0.51 

-0.88 

-0.36 

- 

IV0H  "  9  5  Vdcl 

10 

-1.6 

- 

-1.3 

-2.25 

-0.9 

- 

(V0H  "  '3.5  Vdcl 

15 

-4.2 

- 

-3.4 

-8.8 

_ 

-2.4 

- 

IV0L  *  0.4  Vdcl  Sink 

'OL 

5.0 

0.64 

- 

0.51 

0.88 

_ 

0.36 

- 

mAdc 

ivql  *  o.5  vdci 

10 

1.6 

- 

1.3 

2.25 

- 

0.9 

- 

(Vql-  i-5  vdcl 

15 

4.2 

3.4 

8.8 

- 

2.4 

— 

Output  Drive  Current  (CL/CP  Oevicel 

■oh 

mAdc 

(Vqh  ■  2.5  Vdcl  Source 

5.0 

—  2.5 

-2.1 

-4.2 

- 

—  1 .7 

IV/ .  m  A  C  V/<e>l 
IVQLf  ■  4.D  VOCI 

5.0 

ft  R1 

-0.44 

-0.88 

- 

 0  3fl 

II/..  ■  el  (t  C  UftVI 

10 

 1  j 

-1.1 

-2.25 

- 

—  0.9 

IW...  i  V/rlfl 

i*OH  vacj 

15 

—  3  6 

-3.0 

-8.8 

- 

—  2.4 

(Vql  »  0.4  Vdc)  Sink 

■ol 

5.0 

0.52 

0.44 

0.88 

- 

0.36 

mAdc 

10 

1  3 

1.1 

2.25 

- 

0.9 

(Vni  *1S  Vdct 
v,  *  OL       •  ***** 

15 

3.6 

3.0 

8.8 

2.4 

Input  Current  (AL  Device) 

'in 

15 

•  0  1 

10  00001 

10  1 

1 1 .0 

MAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

— —  

— 

1 0.3 

10.00001 

10.3 

1 1.0 

fiAdc 

Input  Capacitance 

c,„ 

— 

— 

— 

5.0 

7.5 

— 

— 

pF 

(Vin  "  0) 

Quiescent  Current  (AL  Device) 

'DO 

5.0 

- 

5.0 

0.006 

5.0 

— 

ISO 

MAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0X115 

20 

600 

Quiescent  Current  (CL/CP  Device) 

IDD 

5.0 

20 

0.005 

20 

ISO 

uAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.01  S 

80 

600 

Total  Supply  Current"  *t 

■t 

S.O 

lT-(1.0uA/kHitf+  lDD 

#iAdc 

(Dynamic  plus  Quiescent, 

10 

lT-(2.0uA/kHlM  +  lDD 

Per  Package) 

15 

lT-i3.0uA/kHlM  +  lDD 

(C|_  =  50  pF  on  atl  outputs,  all ' 

buffers  switching) 

*Tlow"  _55*C  for  AL  Device,  -40*C  for  CL/CP  Dovlco.  fTo  calculate  total  supply  curront  at  loads  other  than  50  pF: 

Thlgh-  +  *25*C  tor  AL  Dovlco,  +  BS"C  (or  CL/CP  Dovlco. 

■t<cl)  "  't(50  pH  +  <CL  -SO)  Vfk 

#Data  tobotlod  "Typ"  Is  not  to  bo  used  tor  design  purposes  but  Is 
Irttondod  as  on  Indication  ot  the  IC's  potontEal  performance.  whore:  I j  is  in  llA  (per  package),  C|_  in  pF,  V  -  ( Vqq  -  Vgg)  in  volts, 

f  in  kHz  is  Input  frequency,  and  k  -  0.001. 

"The  formulas  given  are  tor  the  typical  characteristics  only  at  25'C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  How- 
ever, precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  hlgh- 
Impedance  circuit.  For  proper  operation,  V|n  and  Voul  should  be  constrained  to  the  range  Vss  *  (vln  cr  vout)  *■  VDD- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD)-  Unused  outputs 
must  be  left  open. 
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SWITCHING  CHARACTERISTICS  (CL-50  pF,  TA-25'C,  Sao  Raure  1) 


VDD 

Characteristic 

Symbol 

Vde 

Mln 

Typ# 

Max 

Unit 

Output  Rise  and  Foil  Tlrno 

*TLH, 

ns 

•  TLH'  "THL    *'*°  n»/pr|      +  *u  n» 

*THL 

so 

100 

200 

TTLH»  TthL"<0-75  "8/pF)  Cl+  12.5  ns 

10 



50 

100 

TTLH»  TTHL"(°-55  na/pF)  C^+12.5  ns 

15 



40 

80 

Prop&Q&tton  Dotsy  Time,  Clock  or  Reset  to  Q 

*PLH, 

ns 

TpL^|,  Tp^(^,B(1.76  ns/pF)  C^+223  ns 

*PHL 

5.0 

300 

600 

■  LN<  ipML              *%9fftrf  wi  »  c/«r  no 

10 

130 

2S0 

TPLHi  TpHL-(0.53  na/pF)  Cl+67  ns 

IS 



85 

180 

Clock  Pulse  Width 

*WH 

5,0 

335 

135 

ns 

10 

165 

45 

IS 

125 

40 



Rosot  Pulse  Width 

*WH 

s.o 

400 

80 

10 

175 

40 

15 

130 

35 



Rosot  Rorrtovftl  Time 

'rem 

5.0 

80 

40 

10 

30 

15 

15 

25 

10 



Clock  Pulse  Rlso  and  FqQ  Time 

«TLH.  *THL 

5.0 

10 

No  Limit 

15 

Clock  Putso  Frequency 

'CI 

5.0 

2.5 

1.2 

MHz 

10 

6.0 

2.0 

IS 



10 

3.0 

 ;  

*su 

5.0 

500 

120 

ns 

10 

200 

50 

15 

150 

30 



Clock  to  J-K  Hold  Time 

th 

5.0 

40 

-40 

ns 

10 

30 

~5 

15 

25 

0 



P/S  to  Ctock  Setup  Time 

•su 

5.0 

500 

25 

ns 

10 

200 

10 

15 

150 

7.5 

— 

Clock  to  P/S  Hold  Time 

<h 

S.O 

30 

-70 

ns 

10 

20 

-20 

IS 

20 

-10 

Dp  to  Ctock  Setup  Time 

•su 

S.O 

500 

80 

ns 

10 

200 

20 

15 

150 

15 

Clock  to  Op  Hold  Time 

<h 

5.0 

90 

-25 

ns 

10 

40 

0 

15 

40 

5 

The  formulas  gtven  are  tor  the  typical  characteristics  only  at  26*C.  #Data  labelled  "Typ"  Is  not  to  bo  used  for  design  purposes  but  fs 

Intended  as  on  Indication  of  tho  iC's  potential  performance. 


T/C  Input  Low 
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LOGIC  DIAGRAM 


°P3'*°-{>°- 
0pjUO-[>>- 
DP1100-£>0- 


c  60-(>>- 


H  S»-f>0- 


"OCX"8*" 
300"  °° 


L«(t  Shift 
Sarltl  Input 


Right  Shift  g_ 
S*rtal  Input 

Raw  o— 


Clock  o- 

Laft/Rkjht  o_ 
Shift  Salact 


APPLICATION  DIAGRAM 
Shift  Lift/Shift  Right  Hajtitar 


-OQO  Laft  Shift 

8arlal  Output 


-OQ3  Right  Shift 
Sarlt!  Output 


16  18  14  13  12  11  10  S 
vDO  ot   03   Q3  Ops  Op3  Dpi  Opo 


QO  T/C 
1  2 


T 

v00 


C  P/S  ss 
6      7  S 


T 
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12-BIT  BINARY  COUNTER 

The  MC14040B  1  2-stage  binary  counter  is  constructed  with  MOS 
P  channel  and  N-channel  enhancement  mode  devices  in  a  single  mono- 
lithic structure.  This  part  is  designed  with  an  input  wave  shaping 
circuit  and  12  stages  of  ripple  carry  binary  counter.  The  device 
advances  the  count  on  the  negative-going  edge  of  the  clock  pulse. 
Applications  include  time  delay  circuits,  counter  controls,  and  fre- 
quency-driving circuits. 

•  Fully  Static  Operation 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Common  Reset  Line 

•  Pin-for-Pin  Replacement  for  CD4040B 


MAXIMUM  RATINGS"  (Voltages  Roloronced  la  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDD 

DC  Supply  Voltago 

-  0.5  to  *  18  0 

V 

Vin-  V0U| 

Input  or  Output  Voltage  (DC  or  Transient) 

-  0  5  to  VDD  *  "  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

-  10 

mA 

Po 

Power  Dissipation,  per  Package! 

500 

mW 

Tstq 

Storage  Temporaluro 

-65  to  -  150 

•c 

TL 

Load  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
tTemperalure  Derating:  Plastic  "P  '  Packago   -  12mW/*C  from  65'C  to  85'C 

Coramic  "L"  Package:  -  12mW/'C  from  100*C  to  125°C 


MC14038B 
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CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

12-BIT  BINARY  COUNTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 


CASE  648 
ORDERING  INFORMATION 

A  Series:  -55'C  to  *  125'C 
MC 14XXXBAL  (Ceramic  Packago  Only) 

C  Serios:  -40*C  to  +85"C 
MC14XXXBCP  (Plastic  Packaoo) 
MC14XXXBCL  (Ceramic  Package) 


TRUTH  TABLE 


CLOCK 

RESET 

OUTPUT  STATE 

0 

No  CrtBfiga 

0 

Advnncfl  to  nmx  t 
ttate 

X 

1 

All  Outpuli  ara  low 

X  -  Don't  C*r« 


4> 


LOGIC  DIAGRAM 


Q1  Q2 
C       Q  — *— C  c       O  — *-c  C  Q 


Q3 
?6 


c     o  c     5  c     a  ■ —  c     o  c  a 

h  r  h  S 


QlO 
O 


014  Pis  Ol 

— Lr  C      Q  — L-e  c       Q  — I 


Q4  -  Pin  5     Q7  -  Pin  4 
Q5  -  Pin  3      Qfl  -  Pin  13 
Q6  -  Pin  2      Q9  -  Pin  12 


VDD  r"'  " 
Vcc  -  Pin  8 
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ELECTRICAL  CHARACTERISTICS  (voltages  Referenced  ro  vss) 


voo 

Tlc 

25°C 

Characteristic 

Symbol 

Vdc 

Min 

Man 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage               "0"  Level 

VOL 

5.0 

- 

0.05 

Q 

0.05 

0  05 

Vdc 

vtn  -  VDD  0 

10 

- 

0.05 

0.05 

0.05 

15 

0.05 

0 

0.05 

0.05 

"1"  Lewi 

VOH 

5.0 

4  95 

„ 

4  95 

5  0 

*.!>0 

Vdc 

V|„  -  0  or  V0D 

10 

9.95 

_ 

9.95 

10 

9  95 

IS 

14.95 

- 

14.95 

15 

14.95 

Input  Voltage                    "0"  Level 

V|L 

Vdc 

(VQ  -  4.5  or  0.5  Vdc) 

5.0 

_ 

1.5 

2.25 

1  5 

1  5 

(V0  =  9.0  or  1.0  Vdc) 

10 

_ 

3.0 

4.50 

3.0 

3.0 

(V0  -  13.5  or  1.5  Vdc) 

15 

- 

4.0 

6.75 

4.0 

4.0 

"1"  Level 

V|H 

(V0  -  0.5  or  4.5  Vdc) 

5.0 

3.5 

- 

3.5 

2.75 

_ 

3.5 

_ 

Vdc 

(Vq  -  1.0  or  9.0  Vdc) 

10 

7.0 

- 

7.0 

5.50 

_ 

7.0 

(Vq  -  1.5  or  13.5  Vdc) 

15 

11.0 

- 

11.0 

8.25 

_ 

11.0 

_ 

Output  Drive  Current  (AL  Device) 

'OH 

mAdc 

IVoh  "  2.5  Vdc)  Source 

5.0 

-3.0 

- 

-2.4 

-4.2 

-1.7 

(Vqh  "  4-6  Vdc) 

5.0 

-0.64 

- 

-0.51 

-0.88 

_ 

-0.36 

IV0H  ■  9  5  Vdcl 

10 

-1.6 

- 

-1.3 

-2.25 

_ 

-0.9 

_ 

IVoh  "  13.5  Vdc) 

15 

-4.2 

- 

-3.4 

-8.8 

- 

-2.4 

- 

(Vql  *  0  4  Vdc)  Sink 

'OL 

5.0 

0.64 

- 

0.51 

0.88 

_ 

0.36 

_ 

mAdc 

(Vol  "  os  vdc) 

10 

1.6 

- 

1.3 

2.25 

- 

0.9 

- 

(Vql  ■  !-5  vdc) 

15 

4.2 

3.4 

8.8 

- 

2.4 

- 

Output  Drive  Current  (CUCP  Oovtcel 

■OH 

mAdc 

(Vq^i  "  2.5  vdcj  Source 

5.0 

—  2.5 

-2.1 

-4.2 

- 

-1.7 

- 

(Vrnj  -  4  6  Vdc) 
i  ▼  wi#/ 

5.0 

—0.52 

-0.44 

-0.88 

- 

-0.36 

- 

10 

—  1  3 

-1.1 

-2.25 

- 

-0.9 

- 

IVrttj  «  13  S  Vdcl 

15 

—  3  6 

-3.0 

—8.8 

- 

-2.4 

— 

ivql    f-*  voci  Sinn 

'OL 

5.0 

0.52 

0.44 

0.88 

- 

0.36 

- 

m  c 

(Vol  "  o-s  vdci 

10 

1.3 

1.1 

2.25 

- 

0.9 

- 

(Vol  ■  i-5  vdc) 

15 

3.6 

3.0 

8.8 

2.4 

Input  Current  (AL  Device) 

■in 

15 

±0. 1 

10  00001 

10.1 

— 

•  1  0 

uAdc 

Input  Current  (CL/CP  Oevice) 

■in 

15 

1  03 

10.00001 

10.3 

- 

11.0 

uAdc 

Input  Capacitance 

Cin 

— 

— 

- 

5.0 

7.5 

_ 

_ 

(Vjn-0) 

Quiescent  Current  (AL  Oevicel 

>DD 

5.0 

- 

5.0 

0.005 

5.0 

150 

'jiAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

■do 

5.0 

20 

0.005 

20 

150 

MAdc 

(Pet  Package! 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current"  t 

'T 

SO 

IT  - 10.42  pA/kHl)  f  ♦  |Q0 

MAdc 

(Dynamic  plus  Quiescent, 

10 

IT  =(0.85  nA/kHi)  1  ♦  Iqo 

Per  Package) 

IS 

It  "  (1.43  tiA/kHl)  1  *  IQD 

(Cl  *  50  pF  on  all  outputs,  all 

bulfers  switching) 

*T(ow"  -55"C  (or  AL  Oevice.  -40*C  for  CL/CP  Device.  fTo  calculate  total  supply  current  at  loads  other  then  50  pF: 

Th|gll-  +  12S*C  lor  AL  Devico.  +  8S*C  for  CL/CP  Device. 

It(Cl)  -  1-rfSO  pF)  +  (CL  -50)  Vfk 

#Dato  Isbellod  "Typ"  is  not  to  bo  used  for  design  purposes  but  is 
Intended  as  an  Indication  of  the  IC'a  polonllal  performance.  where:  \  j  is  In  ilA  (per  package).  C(_  In  pF,  V  -  (Vod~vss)  ln  volts. 

f  In  kHz  Is  input  frequency,  and  k  -  0.001 . 

"The  formulas  given  are  for  the  typical  characteristics  only  at  25*C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages 
or  electric  fields.  However,  precautions  must  be  taken  to  avoid  applications  of  any  voltage 
higher  than  maximum  rated  voltages  to  this  high-Impedance  circuit.  For  proper  operation, 
V|n  and  Vout  should  be  constrained  to  the  range  Vgs  «  (V|n  or  Voui)  «  Vod- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g..  either  Vss  °r 
VDD>  Unused  outputs  must  be  left  open. 


PIN  ASSIGNMENT 


-\>  

1 

Q12 

vDo 

 116 

2 

06 

Q11 

=  15 

3 

as 

Q10 

=  14 

4 

Q7 

Q8 

=  13 

5 

Q4 

Q9 

=  12 

6 

Q3 

R 

=  11 

7 

Q2 

C 

=  10 

8 

vSs 

Ol 

=  9 
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SWITCHING  CHARACTERISTICS  (CL-SO  pF.  TA-25'C) 


VDD 

Cft  a  rsctoriettc 

Symbol 

V  j„ 

■dc 

Mtn 

Typ  # 

Max 

UnH 

Output  Rise  and  Fatl  Time' 

•tlh, 

ns 

TTLH»  TjhlHI  S  na/pF)  CL  +  25  RS 

lTHL 

5.0 

100 

200 

TTLH'  TTHL"(°-75  na/pF)  Cl+12.5  na 

10 

50 

100 

T"TLH'  Tjhl  =  (0.55  ns/pF)  Cl  +  9.6  ns 

IS 

40 

80 

Propagation  Delay  Time 

'PLH> 

Clock  to  Q1 

'PHL 

na 

'PHL-  'PLH  "  O-7  ns/pF)  Cl  +  316  na 

5.0 

— 

260 

520 

*PHL>  *PLH  "  (0.66  na/pF)  C^  +  137  na 

10 

115 

230 

*PHL-  lPLH  ™  (0.5  na/pF)  C|_  +  95  na 

IS 

80 

160 

Clock  to  Q12 

ns 

tpHL,  tpLH      (I-7  na/pF)  Cl  +  2416  ns 

5.0 

— 

1625 

3250 

tpHL-  tPLH  ™          ns/pF)  Cl  +  667  ns 

10 

— 

720 

1440 

tpHL*  'PLH  m  (9-5  na/pF)  Cl  +  475  CIS 

Propagation  Delay  Time 

'PHL 

na 

Reset  to  Qn 

ipHL           ns/prj       +  4oo  ns 

5.0 

tpHL  ~  (0.66  na/pF)  Cl  +  162  ns 

10 



155 

310 

(pHL  ~  (6*6  na/pF)  Cl  +  145  na 

15 



115 

230 

r*infk  Di>l*A  WMrti 

\*HJGK  rUIBB  fliuui 

'WH 

10 

ISO 

55 



15 

115 

38 

— . 

- 

Clock  Pulse  Frequency 

'cl 

10 



7.0 

3.5 

15 



10.0 

4.5 

Clock  Rise  and  Fall  Tim  a 

'tlh«  *thl 

5.0 

10 

No  Limit 

15 

React  Pulae  Width 

•WH 

5.0 

960 

320 

na 

10 

360 

120 

IS 

270 

80 

Reset  Removal  Time 

Vom 

5.0 

130 

65 

na 

10 

50 

25 

IS 

30 

15 

'The  formulas  oJvon  are  tor  the  typical  characteristics  only  at  2S*C. 
#Deta  labelled  "Typ"  is  not  to  bo  used  lor  design  purposes  but  Is 
Intended  as  an  Indication  oJ  trta  IC's  potential  performance. 


FIOURE  1  -  POWER  OlSStPATION  TEST  FIGURE  2  -  SWITCHING  TCME  TEST 

CIRCUIT  AND  WAVEFORM  CIRCUIT  AND  WAVEFORMS 
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FIGURE  3  -  TIMING  DIAGRAM 
12  4  a  16         32         64        128        266       612       1024      2048  4006 

533  "LTLTLnJ  U — U  U — U     U  U — U     U     U     U  l_ 


APPLICATIONS  INFORMATION 


TIME-BASE  GENERATOR 

A  60  Hi  sinewave  obtained  through  a  1.0  Megohm 
resistor  connected  directly  to  a  standard.  120  Vac  power 
line  is  applied  to  the  clock  input  of  the  MC14040B.  By 
selecting  outputs  OS,  Q10,  Q11.  and  Q12  division  by 


3600  is  accomplished.  The  MC14012B  decodes  the  counter 
outputs,  produces  a  single  output  pulse,  end  resets  the 
binary  counter.  The  resulting  output  frequency  is  1.0 
pulse/minute. 


120  Vac 
60  Hz 


1 .0  Pulu/Minuta 
Output 
-O 
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QUAD  TRANSPARENT  LATCH 

The  MC14042B  Quad  Transparent  Latch  is  constructed  with 
MOS  P-channel  and  N-channel  enhancement  mode  devices  in  a 
single  monolithic  structurp.  Each  latch  has  a  separate  data  input, 
but  all  four  latches  share  a  common  clock.  The  clock  polarity 
(high  or  low)  used  to  strobe  data  through  the  latches  can  be 
reversed  using  the  polarity  input.  Information  present  at  the  data 
input  is  transferred  to  outputs  Q  and  Q  during  the  clock  level 
which  is  determined  by  the  polarity  input.  When  the  polarity  input 
is  in  the  logic  "0"  state,  data  is  transferred  during  the  low  clock 
level,  and  when  the  polarity  input  is  in  the  logic  "1"  state  the 
transfer  occurs  during  the  high  clock  level. 

•  Buffered  Data  Inputs 

•  Common  Clock 

•  Clock  Polarity  Control 

•  Q  and  fl  Outputs 

•  Double  Diode  Input  Protection 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Scholtky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS-  (voltages  Referenced  lo  Vss) 


Symbol 

Parameter 

Value 

Unit 

«DD 

DC  Supply  Voltage 

-  0  5  10  -18  0 

V 

v,n  Voul 

Input  or  Output  Voltage  (DC  or  Transient) 

-  0  5  10  Vqd  -0  5 

V 

'in  'ou! 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

:  10 

mA 

pO 

Power  Dissipation,  per  Package! 

500 

mW 

'sla 

Storage  Temperature 

-65  to  -  150 

•c 

'l 

Lead  Temperature  (B-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  inose  values  beyond  which  damage  to  the  device  may  occur 
Tlemperaiure  Derating    Plastic  '  P    Package   -  12mw/'C  trom  65"C  to  B5"C 

Ceramic    L    Package   -  12mW'"C  Irom  100"C  lo  125'C 


Clock 


LOGIC  DIAGRAM 

 1>~ 


PI 


r-O 


■;H> 


Vss-PIfiB 


-o  so 


10 


Laith 
3 


-3  Q2 


-O  Q3 

1 


-O  Q3 


CMOS  SSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

QUAD 
TRANSPARENT  LATCH 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  64S 


ORDERING  INFORMATION 

A  Series:  -SS'C  lo  -  125"C 

MCUXXXBAl  (Ceramic  Packago  Only) 

C  Series;  -40*Cto  +85*C 
MC14XXXBCP  (Plastic  Packago) 
MC14XXXBCL  (Ceramic  Package) 


PIN  ASSIGNMENT 


1  t=z 

03 

=1  16 

2  C 

QO 

53 

1  15 

Bo 

□  3 

1  14 

□  0 

□  2 

 1  13 

Clock 

52 

 1  12 

6  r  

Polarity 

Q2 

 1  1 1 

□  I 

Ql 

 1  10 

8  |  

vss 

Q1 

 1  9 

TRUTH  TABLE 


CLOCK 

POLARITY 

a 

0 

0 

Data 

1 

0 

Latch 

1 

1 

Data 

0 

1 

Litdi 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  lo  vss) 


Vdo 

Tfcm- 

25°C 

Th 

sh* 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ  # 

Max 

Min 

Max 

Unit 

Output  Voltage              "0"  Level 

vol 

5.0 

0.05 

0 

0.05 

0.05 

Vdc 

10 

0.05 

0 

0.05 

_ 

0.05 

15 

0.05 

Q 

0.05 

_ 

0.05 

"1"  Level 

v0h 

5.0 

— — - — 

4.95 

~ 

4.95 

5.0 

— 

4.95 

Vdc 

Vin-Oo'  VD0 

10 

9.95 

9.95 

10 

— 

9.95 

_ 

15 

14.95 

14.95 

15 

14.95 

_ 

Input  Voltago                   "0"  Laval 

V|L 

Vdc 

(V0  =  4.5  or  0.5  Vdcl 

5.0 

1.5 

2.25 

1 .5 

_ 

1.5 

IVo  -  9.0  or  1.0  Vdcl 

'  10 

4.50 

3.0 

3.0 

IV0"  13.5  or  1.5  Vdcl 

15 

40 

 :  

6.75 

4.0  * 

- 

4.0 

"1"  Laval 

V|H 

IV0  =  0.5  or  4.5  Vdcl 

S.0 

3.5 

3.5 

2.75 

3.5 

- 

Vdc 

(  Vq  •  1 .0  or  9.0  Vdcl 

10 

7.0 

7  0 

5.50 

7.0 

- 

<VO=  '-5or  13.5  Vdcl 

IS 

1 1.0 

110 

8.25 

11.0 

- 

Output  Drive  Current  (AL  Device) 

■oh 

mAdc 

IVqh  "  2.5  Vdcl  Source 

5.0 

—  3.0 

—  2.4 

—  4.2 

-1.7 

- 

IVqh  "  1-6  Vdcl 

5.0 

-0.64 

-0.51 

-0.88 

-0.36 

- 

IV0H  "  9.5  Vdcl 

10 

-1.6 

-1.3 

-2.25 

-0.9 

- 

(V0H  "  '3.5  Vdcl 

15 

-4.2 

_ 

-3.4 

-8.8 

_ 

-2.4 

- 

(Vql  °  0-4  Vdc)  Sink 

lOL 

5.0 

0.64 

0.51 

0.88 

_ 

0.36 

- 

mAdc 

(v0L -o.s  vdcl 

10 

1.6 

_ 

1.3 

2.25 

- 

0.9 

- 

(Vql  " 15  vdcl 

15 

4.2 

- 

3.4 

8.8 

- 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

(OH 

mAdc 

(Vqh  "  2.5  Vdc)  Source 

5.0 

-2.5 

- 

-2.1 

-4.2 

- 

—  1.7 

IV  AU   ■   d  R  \ltif\ 

IVQIf       H.O  VOCJ 

5  0 

-0.52 

- 

-0.44 

-0.88 

- 

—  0.36 

IVnu  a  Q  K  \ltir ) 

10 

-1.3 

- 

-1.1 

-2.25 

- 

—  0.9 

l\j rti i  ■  iq  c  Vdcl 
1  v oh  vuvi 

15 

-3.6 

- 

-3.0 

-8.8 

- 

—  2.4 

ivql    u.^  voci  sinK 

'OL 

5.0 

0.52 

- 

0.44 

0.88 

- 

— Art — 
m  c 

IV/m  «  0  5  Vdcl 

10 

1.3 

- 

1.1 

2.25 

- 

0.9 

IV/M  "IS  Vdcl 

15 

3.6 

- 

3.0 

8.8 

2.4 

Input  Current  (AL  Dovice) 

■in 

15 

- 

lO.I 

10.00001 

10.1 

1 1.0 

MAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

_ 

10.3 

10.00001 

10.3 

11.0 

MAdc 

Input  Capacitance 

Cin 

— 

5.0 

7.5 

- 

- 

pF 

(Vjn  -  01 

Quiescent  Current  (AL  Device) 

lOD 

5.0 

1.0 

0.002 

1.0 

- 

30 

MAdc 

(Per  Package) 

to 

2.0 

0.004 

2.0 

60 

15 

4.0 

0.006 

4.0 

120 

Quiescent  Current  (CL/CP  Device) 

'OD 

5.0 

4.0 

0.002 

4.0 

30 

MAdc 

(Per  Package! 

10 

8.0 

0.004 

8.0 

60 

15 

16 

0.006 

16 

120 

Total  Supply  Current"  t 

it 

5.0 

lT-(1.0uA/kHz)f  +  lDD 

MAdc 

(Dynamic  plus  Quiescent. 

10 

IT  -  (2X>  uA/kHl)  f  +  lOD 

Per  Package) 

15 

lT-(3BaA/kHl)f  +  lDD 

(C|_  =  50  pF  on  all  outputs,  all 

buffers  switching) 

*Tlow  "  -  S5"0  *or  **-  Device.  -40*C  for  CL/CP  Devico.  fib  calculate  total  supply  current  at  loads  other  than  SO  pF: 

Thigh  "  + 1 25-c  Tor  AL  Device.  +  BS*C  lor  CL/CP  Device 

■t<Cl>  -  "it50  Pp)  +  <CL  -S0>  v,k 

#Oata  labelled  "Typ"  is  not  lo  be  used  for  dosign  purposos  but  Is 
Intended  as  an  indication  of  the  IC's  potential  performance.  where:  I?  is  in  jtA  (per  package),  CL  in  pF,  V  -  (V0D  -  Vss)  in  volts, 

f  In  kHz  is  Input  frequency,  and  k  -  0.004. 

"The  formulas  glvon  are  for  the  typical  characteristics  only  at  25*C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-impedance 
circuit.  For  proper  operation.  Vm  and  Voul  should  be  constrained  to  the  range  Vgg  *  (vin  or  Vout)  <  Vqd 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g..  either  Vss  or  VDD>  Unused  outputs  must  be 
left  open. 
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SWITCHING  CHARACTERISTICS*  ICL  ■  SO  pF,  TA  ■  2S°C) 


CtMfacttfisttc 

Symbol 

VDD 

Mln 

Typ  # 

Max 

Unit 

Output  Htso  cwd  Foil  Tlcno 

<TLH- 

100 

200 

its 

*TLH>  lTHL  "  (^-5  ns/pF)  Cl  +  26  ns 

ITHL 

6.0 

t«        fm  •  ■    *.  ttt  7A  nn/n(S\  1**.    A   49  R  n* 
•  iLH1  l|HL        IW.'O  ntvprj  V-i |_    ■     rs<9  no 

10 

'  _ 

SO 

100 

*TLH»  'TKL  "*  (0-55  na/pF)  C|_  +  9.5  ns 

16 



40 

80 

Propagation  Delay  TImo.  D  to  Q,  75 

«PLH, 

ns 

tpLH,  'PHL  "       n«/pF|  Cl  +  13B  ns 

>PHL 

6.0 

220 

440 

tpLH  *PHL  ™  (0.66  ns/pF)  Cl  +  67  ns 

10 

90 

180 

16 

60 

120 

Propagation  Delay  Timo,  Ctock  to  Q,  O" 

«PLH. 

ns 

tpLH,  *PHL  "  d-7  ns/pF)  Cl  +  136  ns 

<PHL 

6.0 

220 

440 

ip^H  tPHL    wi.do  iwipni      ~  o /  m 

10 

90 

180 

'P  LH  lPH L    iu.»  nifpri  t«L    ■io  ni 

26 

60 

120 

Clock  Pulse  Width 

«WH 

ns 

6.0 

300 

160 

10 

1UU 

EA 
OV 

16 

80 

40 

Clock  Pulao  Rlao  and  Fall  Tims 

'TLH. 

na 

■thl 

6.0 

1 5 

10 

16 

4.0 

Hold  Time 

•h 

ns 

6.0 

too 

50 

10 

60 

26 

IS 

40 

20 

Setup  Time 

■tu 

ns 

6.0 

60 

0 

10 

30 

0 

16 

25 

0 

The  formulas  given  aro  for  tho  typical  characteristics  only  at  2S*C. 


#DAta  labelled  "Typ"  Is  not  to  be  used  for  design  purposes  but  is 
Intended  as  an  Indication  of  the  IC's  potential  performance. 


FIGURE  1  —  AC  AND  POWER  DISSIPATION  TEST  CIRCUIT  AND  TIMING  DIAGRAM 
(Data  to  Output) 
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CMOS  MSI 

QUAD  R-S  LATCHES 

The  MC14043B  and  MC14044B  quad  R-S  latches  are  constructed 
with  MOS  P -channel  and  N-channel  enhancement  mode  devices  in  a 
single  monolithic  structure.  Each  latch  has  an  independent  Q  output 
and  set  and  reset  inputs.  The  Q  outputs  are  gated  through  three- 
state  buffers  having  a  common  enable  input.  The  outputs  are 
enabled  with  a  logical  "1"  or  high  on  the  enable  input;  a  logical 
"0"  or  low  disconnects  the  latch  from  the  Q  outputs,  result- 
ing in  an  open  circuit  at  the  Q  outputs. 

•  Double  Diode  Input  Protection 

•  Three-State  Outputs  with  Common  Enable 

•  Outputs  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low' 
Power  Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 


MC14043B 

QUAD  "NOR"  R-S  LATCH 

MC14044B 

QUAD  "NAND"  R-S  LATCH 


L  SUFFIX 
CERAMIC  PACKAtJl 
CASE.  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  G48 


ORDERING  INFORMATION 

A  Sorlos:  -  55*C  lo  +  1  25*C 

MC14XXXBAL  (Cornmlc  Packago  Only) 

CSerlos:  -  40'C  to  +85*C 
MC14XXXBCP  (Plastic  Packago) 
MCI  4XXXBCL  (Coramlc  Packago) 


TRUTH  TABLE 


n 

E 

□ 

X 

<J 

Hgft 

1  ;  ;-.  :1.di..-- 

0 

CI 

1 

No  I  ihar  ■ 

a 

1 

1 

0 

i 

D 

1 

1 

1 

1 

1 

X  *  Don't  Cirt 


VDO  -  Pin  16 
VSS  -  Fin  B 


TRUTH  TABLE 


s 

n 

E 

a 

x 

0 

Hqh 
Impedance 

0 

0 

1 

□ 

0 

1 

1 

1 

1 

u 

1 

0 

1 

1 

1 

No  Change 

X  -  Don'i  Cjfi 
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ELECTRICAL  CHARACTERISTICS  (Voitagos  Roforonced  to  vss] 


VDD 

Tlov/ 

25°C 

Thi«h* 

_          .  . 

C  her  k  %9t  ttt  ic 

Symbol 

Vdc 

Min 

Mil 

Min 

Typ* 

Man 

Min 

Man 

Unit 

Output  Voltage               "0"  Level 

vol 

5.0 

005 

_ 

0 

0.05 

0.05 

Vdc 

10 

0.05 

0 

0.05 

0.05 

15 

- 

0.05 

— 

0 

0.05 

- 

0.05 

"V  Level 

voh 

5  0 

4.95 

_ 

4.95 

50 



4.95 

Vdc 

Vin-0or  V0D 

10 

9.95 



9  95 

10 



9.95 

_ 

15 

14.95 

14.95 

15 



14.95 

_ 

Input  Voltage                    "0"  Level 

V(L 

Vdc 

(V0=4.5  or  0  5  Vdc) 

5.0 

1  5 

_ 

2.25 

1.5 

1.5 

(VO-9  0ot  1.0  Vdc) 

10 

_ 

3  0 

- 

4.50 

3.0 

- 

3.0 

(Vq"  13.5  or  1.5  Vdc) 

15 

- 

4  0 

- 

G  75 

4.0 

- 

4.0 

"t"  Level 

V|H 

(Vq-0.5  or  4.S  Vdc) 

SO 

3  5 

- 

3.5 

2.75 

- 

3.5 

- 

Vdc 

1  VQ  —  I  At  Of  3. LI  VQCt 

10 

7.0 

- 

7.0 

5.50 

- 

7.0 

- 

•  vO     •  •>  Of  1 J  D  vdci 

15 

11.0 

- 

110 

8.25 

- 

11.0 

- 

Output  Drive  Curtem  IAL  Device) 

•oh 

mAdc 

IVoh"2  5  Vdc)  Source 

5.0 

-3.0 

_ 

-2.4 

-4.2 

- 

-1.7 

- 

IV0hw4.6  Vdc) 

50 

-0.64 

- 

-0.51 

-088 

- 

-0.36 

- 

IVoh  "9-5  Vdc) 

10 

-1.6 

- 

-1.3 

-2.25 

- 

-0.9 

- 

1VQH  ™  1 J ,D  VOCI 

15 

-4.2 

- 

-3.4 

-8.8 

- 

-2.4 

- 

lVoL=0-4Vdc)  Sink 

'OL 

50 

064 

- 

051 

088 

- 

0.36 

- 

mAdc 

tVQL  *"  O.S>  Vacr 

10 

16 

- 

13 

2.25 

0.9 

— 

tVrti  —  1  S  Vdel 

15 

4.2 

3.4 

8.8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

'oh 

(Vqh  ■  2.5  Vdc)  Source 

5.0 

-2  5 

-2.1 

-4.2 

-1.7 

*Voh-4  6  Vdcl 

5.0 

-0  52 

-0.44 

-0  88 

-0.36 

IVoh  "9  5  Vdc) 

10 

-13 

-1.1 

-2  25 

-0.9 

(Voh  "13.5  Vdc) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

(Vql -0.4  Vdc)  Sink 

'OL 

5.0 

0  52 

0  44 

068 

0.36 

mAdc 

(Vol  "0-5  v<*> 

10 

2  25 

0  9 

(v0l  -  1  s  vdc) 

15 

3.6 

3.0 

8.8 

2.4 

Input  Current  (AL  Device) 

'in 

IS 

♦  0  1 

10  00001 

«0  I 

110 

wAdc 

Input  Current  (CL/CP  Oevice) 

'in 

15 

l  0  3 

•0  00001 

tO  3 

1 1.0 

uAdc 

Input  Capacitance 

C|n 

_ 

50 

7.6 

Pr 

(V,n-0) 

Quiescent  Current  (AL  Devtcel 

'DO 

5.0 

- 

1.0 

0.002 

1.0 

30 

MAdc 

(Per  Package) 

10 

2.0 

0.004 

2.0 

60 

15 

- 

4.0 

0.006 

4.0 

120 

Quiescent  Current  (CL/CP  Device) 

'do 

so 

4.0 

0.002 

4.0 

30 

MAdc 

(Per  Package) 

10 

8.0 

0.004 

8.0 

60 

15 

16 

0.006 

16 

120 

Total  Supply  Current"! 

'T 

5.0 

IT  •  10.58  uA/kHl)  f  ♦  |qq. 

MAdc 

(Dynamic  plus  Quiescent,  Per  Package) 

10 

IT*  11.15  uA/kHz]f  +  'OD 

(Cl  ■  50  pF  on  all  outputs,  all  outputs 
switching) 

15 

lT-<1.73fiA/kHilf  ♦  'DO 

Three-State  Output  Leakage  Current 
(AL  Device) 

'TL 

IS 

tO.1 

tOAOOl 

10.1 

13.0 

uAdc 

Three-State  Output  Leakage  Current 
(CL/CP  Device) 

'TL 

IS 

it.O 

10.0001 

ll.O 

17.5 

uAdc 

*Tlow-  -55*C  for  AL  Oovtco,  -40"C  tor  CUCP  DovJco. 
TWgh  "  *  1 25'C  for  AL  DovEco.  +  B5*C  for  CL/CP  Dovtce. 

#Data  lobollod  "Typ"  la  not  to  bo  uaod  tor  design  purposes  bui  la 
intended  oa  en  Indication  of  (ho  tC's  potonilal  performance. 


**Tho  formulas  given  aro  tor  ttio  typical  characteristics  only  at  25*C. 

tTo  calculato  total  supply  current  at  toads  other  than  SO  pF: 

"T<CL,  -  It<50  pP)  *  <CL  -SO)  Vfk 

where:  lj  Is  In  |iA  (por  package),  Cj_  In  pF,  V  -  (VoQ-Vgg)  In  volts. 
1  in  kHz  Is  Input  frequency,  and  k  -  0.004. 
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8ymbol 

Parameter 

Value 

Unit 

Vod 

DC  Supply  Vollage 

-0.5  to  +  18.0 

V 

•V|„.vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5toVDD  +0.5 

V 

■in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±10 

mA 

PD 

Power  Dissipation,  per  Packager 

500 

mw 

Tstn 

Storage  Temperature 

-65  10  +150 

•c 

Tl 

Lead  Temperature  (B-Second  8olderlng) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
-(Temperature  Derating:  Plastic  "P"  Package:  -12mW7*C  from  65*C  to  85*C 

Ceramic  "L"  Package:  -  12mW/'C  Irom  100'C  to  12S'C 


This  device  contains  protoction  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  ol 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  circuit.  For 
proper  operation,  V|n  and  Vout  should  be 
constrained  to  the  range  Vss  *  (vin  or 
Vout)  *  Vod- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vgs 
or  Vqd).  Unused  outputs  must  be  left  open. 


SWITCHING  CHARACTERISTICS*   (CL  -  50  pF.  TA  -  25°C) 


ChsractsrbUc 

Symbol 

VOD 

vac 

Mln 

Typ# 

Mix 

Unit 

Output  Rile  Tim* 

«TLH 

ns 

TLH  "  (U6n*/pF)  C|.  +32.S  n» 

6.0 

100 

200 

«TLH  "  WjBO  nt/pF)  C|.  +  20  nt 

10 

B0 

100 

«TLH  "  <0.40  ni/pF)  Cj.  +  20  ni 

IB 

40 

80 

Output  Fall  Time 

«THL 

ra 

tTHL  "  (U6H/pFICt  +  32^n» 

5.0 

100 

200 

THL  "  (0.60  ni/pF)  Cl  +  20  ni 

10 

60 

100 

tTHL  "  (0-40  ra/pF)  Ci_  +  20  ns 

IB 

40 

80 

Propagation  Delay  Time 

«PLH 

ns 

tPLH  "  <0-90  nt/pF)  CL  +  130  n« 

6.0 

176 

360 

tp|.H  "  l°-36  ni/pF)  C(,  +  S7  ra 

10 

76 

176 

tPLH  "  (0.26  ni/pF)  Cl  +  47  ni 

16 

60 

120 

«PHL  "  (0.90  ns/pF)  Ct  +  130  ni 

<PHL 

S.0 

176 

360 

ns 

«PHL  "  (050  ns/pF)  C(.  +  57  nl 

10 

76 

176 

tpHL  "  (0-26  ru/pF)  C(.  +  47  ni 

16 

60 

120 

Sat,  Set  Pulse  Width 

<W 

6.0 
10 

200 
100 

80 
40 

ns 

16 

70 

30 

Rsaat,  Reset  Pulse  Width 

<W 

6.0 
10 
16 

200 
100 
70 

80 
40 
30 

ns 

Thrse-Stata  Enable/Disable  Delay 

tpLZ- 

6.0 

160 

300 

ns 

'PHZ' 
'PZL' 
'PZH 

10 
16 

80 
66 

160 
110 

*Tho  formulas  glvon  are  (or  tho  typical  characteristics  only  et  25*C. 


#0sia  labollod  "Typ"  is  not  to  bo  usod  tor  design  purposos  but  Is 
Intondod  as  an  indication  of  Iho  IC's  potonttal  portormanco. 


AC  WAVEFORMS 


MC14043B 


MC14044B 


90»"V 
10%'  t 


— 10  n< 


_4|-tTHL 
r-10» 


—I   klOni  Mm— j  |—  — |  |— Mr. 


«TLH 


-VDD 
■  VSS 
■V0H 

-vol 


»— J  — -      —    1— lOrt. 

3r  lr 


- 1'™ 


— tPLH 


-«PLH- 


1=2 


•«PHL»- 


'*THL 


Vss 

VDO 
■Vss 

VOH 

vol 
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THREE-STATE  ENABLE/DISABLE  BELAYS 


Sol.  Reset,  Enable,  and  Switch  Conditions  for  3-Stata  Tests. 


TEST 

ENABLE 

81 

'  82 

,Q' 

IMC14043B 

.MC14044B 

3 

R  ' 

S 

R 

'PZH 

J~ 

Open 

Closed 

A 

VDO 

vss 

VSS 

VDO 

'PZL 

Closed 

Open 

B 

vss 

V0D 

VDD 

vss 

<PHZ 

Open 

Closed 

A 

VSS 

vss 

VDD 

<PLZ 

Closed 

Open 

B 

vss 

VOD 

Voo 

vss 

To 
Output 
Under  O- 
Telt 


Voo 


T 


Ik 

-vw— ♦ 


*y  sop<= 


'^2 


1 


-  Vjs 


°A 


VSS 


PIN  ASSIGNMENT 


MC14044B 
1/  


Q3 
NC 
SO 
HO 
E 

Rl 

ST 
vss 


v0D 

S3 

QO 
Ra- 
sa 
02 
Q1 


3  16 
31S 
314 
313 
312 
311 
310 
38 


NC  =  No  Connection 
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PHASE  LOCKED  LOOP 

The  MC14046B  phase  locked  loop  contains  two  phase  compara- 
tors, a  voltage-controlled  oscillator  (VCO),  source  follower,  and 
zener  diode.  The  comparators  have  two  common  signal  inputs, 
PCAjn  and  PCBjn.  Input  PCAjn  can  be  used  directly  coupled  to  large 
voltage  signals,  or  indirectly  coupled  (with  a  series  capacitor)  to 
small  voltage  signals.  The  self-bias  circuit  adjusts  small  voltage  signals 
in  the  linear  region  of  the  amplifier.  Phase  comparator  1  (an  exclu- 
sive OR  gate)  provides  a  digital  error  signal  PC10ut,  and  maintains 
90°  phase  shift  at  the  center  frequency  between  PCA;n  and  PCBjn 
signals  (both  at  50%  duty  cycle).  Phase  comparator  2  (with  leading 
edge  sensing  logic)  provides  digital  error  signals,  PC20ut  and  LD, 
and  maintains  a  0°  phase  shift  between  PCAjn  and  PCBjn  signals 
(duty  cycle  is  immaterial).  The  linear  VCO  produces  an  output  signal 
VC0out  whose  frequency  is  determined  by  the  voltage  of  input 
VCOjn  and  the  capacitor  and  resistors  connected  to  pins  C1a,  Clg, 
R1,  and  R2.  The  source-follower  output  SFout  with  an  external  re- 
sistor is  used  where  the  VCOjn  signal  is  needed  but  no  loading  can  be 
tolerated.  The  inhibit  input  Inh,  when  high,  disables  the  VCO  and 
source  follower  to  minimize  standby  power  consumption.  The  zener 
diode  can  be  used  to  assist  in  power  supply  regulation. 

Applications  include  FM  and  FSK  modulation  and  demodulation, 
frequency  synthesis  and  multiplication,  frequency  discrimination, 
tone  decoding,  data  synchronization  and  conditioning,  voltage-to- 
frequency  conversion  and  motor  speed  control. 

•  Buffered  Outputs  Compatible  with  MHTL  and  Low-Power  TTL 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  to  18  V 

•  Pin-for-Pin  Replacement  for  CD4046B 

"  Phase  Comparator  1  is  an  Exclusive  Or  Gate  and  is  Duty  Cycle 
Limited 

•  Phase  Comparator  2  switches  on  Rising  Edges  and  is  not  Duty 
Cycle  Limited 


BLOCK  DIAGRAM 


PCA,„  14 


s*<t  a  i » 


Cu<vni'llu<  1 


4— 03  r*C1n 


Comparator  2 


VSS  -  Ft*  6 


50- 


Voitag* 
CcMrtniao 


-Mr 


13  PC30u, 

I  LD 

*  vccw 

It  HI 

II  P.J 

6  01* 

7  Cla 

Oia  sfbut 

-015  2.mr 


MC14046B 


CMOS  MSI 

ILOW-POWER  COMPLEMENTARY  MOSI 

PHASE-LOCKED 
LOOP 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series:  -55°C  lo  +  125°C 
MC14XXXBAL  I  Ceramic  Package  Only) 

C  Series:  -40°C  to  +85°C 
MC14XXXBCP  IPIastlc  Package] 
MC14XXXBCL  (Ceramic  Packagel 


9  1  vcoin 
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MAXIMUM  RATINGS  (Voltages  referenced  to  Vssl 


Rating 

Symbol 

Value 

Unit 

DC  Supply  Voltage 

vdd 

-0  5  to>ie 

Vdc 

Input  Voltage.  All  Inputs 

V,n 

-0  5  to  Vqd  ♦  0-5 

Vdc 

DC  Input  Current,  per  Pin 

'in 

=  10 

mAdc 

Operating  Temperature  Range  -  AL  Device 
CL/CP  Device 

TA 

-55  to  +125 
-40  to  +85 

°C 

Storage  Temperature  Range 

Ts<g 

-65  to +150 

°C 

ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vssl 


vdd 

Tlow* 

2S°C 

Th 

tar/ 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ 

Max 

Min 

M*x 

Unit 

Output  Voltage 

•0"  Level 

vol 

5.0 

- 

0.05 

- 

0 

0.05 

- 

0.05 

V 

vin  '  Vdd  or0 

10 

- 

0.05 

- 

0 

0.05 

0.05 

15 

- 

0.05 

_ 

0 

0.05 

0.05 

•1"  Level 

voh 

5.0 

4.95 

_ 

4.95 

s.o 

_ 

4  95 

- 

V 

Vi„  '  0or  V00 

10 

9.95 

_ 

9.95 

10 

_ 

9.9S 

- 

15 

14.95 

_ 

14.95 

15 

_ 

14.95 

- 

input  Voltage0 

'0"  Level 

V|L 

V 

IV0  =  4.5  or  0.5  VI 

5.0 

- 

1.5 

- 

2.25 

1.5 

- 

1.5 

IV0  »  9  0  or  1.0  V) 

10 

- 

3.0 

- 

4.50 

3.0 

3.0 

(V0  -  13.5  or  1.5  VI 

15 

- 

4.0 

- 

6.75 

4.0 

"1"  Level 

—  

VIH 

 — — 

V 

(Vq  ■  0.5  or  4.5  VI 

5.0 

3.5 

3.5 

(Vq  *  1.0or9.0VI 

10 

7.0 

- 

7.0 

■i.50 

7.0 

_ 

IV  o  •  1  5  or  13.5  VI 

15 

11.0 

11.0 

8.25 

- 

11.0 

Output  Drive  Current  IAL  Device) 

'OH 

fflA 

(V0H  -  2-5  VI 

Source 

5.0 

-1.2 

-1.0 

-1.7 

-0.7 

(VoH  "  4.6  VI 

5.0 

-0  25 

- 

-0.2 

-0.36 

•0.14 

_ 

(Voh  °  9.5  VI 

10 

-0.62 

-0.5 

-0.9 

- 

-0.35 

IV0H  "  13-5  VI 

15 

-1.8 

-1.5 

-3.S 

-1.1 

- 

!V01_  =  0.4  VI 

Sink 

'OL 

5.0, 

0.64 

0.51 

0.66 

0.36 

mA 

(V0L  =0.5  VI 

10* 

1.6 

1.3 

2.25 

0.9 

(Vql"  i-s  vi 

15 

4.2 

3.4 

8.8 

2.4 

Output  Drive  Current  ICL/CP  Devicel 

'OH 

mA 

(V0H  '  2-5  VI 

Source 

5.0 

-1.0 

-0.8 

-1.7 

•0.6 

(V0H  ■  4.6  VI 

5.0 

-0.2 

-0.16 

-0.36 

-0.12 

(V0H  •  9.5  V) 

10 

-0.5 

-0.4 

-0.9 

-0.3 

(V0H  -  '3  5  VI 

15 

-1.4 

-1.2 

-3.5 

-1.0 

ivql  "  04  vl 

Sink 

>OL 

5.0 

0.52 

0.44 

0.88 

0.36 

mA 

(Vql  ■  0-5  v' 

10 

1.3 

1.1 

2.25 

0.9 

(vDL  -  i  s  vi 

IS 

3.6 

3.0 

8.8 

2.4 

Input  Current  (AL  Devicel 

'in 

15 

tO.1 

10.00001 

10.1 

11.0 

«A 

Input  Current  (CL/CP  Device) 

'in 

15 

10.3 

10.00001 

10.3 

11.0 

mA 

Input  Capacitance 

Cin 

5.0 

7.5 

pf= 

Quiescent  Current  (AL  Device) 

(Per  Package)  Inn  -  PCA|„  -  VoD/ 
Zener  -  VCOin  ■  0  V.  PCBin  =  Vqd 

IqD 

5.0 
10 
15 

5.0 
10 
20 

0.005 
0.010 
0.015 

S.O 
10 
20 

150 
300 
600 

uA 

orOV.  lout-0uA 

Quiescent  Current  ICL/CP  Device) 
(Per  Package)  Inh  -  PCAin  -  Vqo, 
Zener  -  VCOjn  -  0  V,  PCBj„  •  Vqd 
or  0  V,  lout  -0  uA 

lOO 

5.0 
10 
15 

20 
40 
SO 

0.010 
0.020 
0.040 

20 
40 
80 

150 
300 
600 

»A 

Total  Supply  Current  t 
(Inh  -  "0".  f0  -  10  kHz.  Cl  -  50  pF, 
R1  -  1  Mn,  R2  -     RSp  -  -,  and 
SO*  Duty  Cycle) 

it 

5.0 
10 
15 

IT  "  11.46 jjA/kHj|  f  ♦  |DD 
lT  -  (2.91  »A/kHil  1  +  |qo 
lT  ■  (4.37  „A/kHil  |  «  |0D 

»A 

'Tlow  =  -55°C  for  AL  Device.  -40°C  for  CL/CP  Device. 
Thigh  "  *13&°C  for  AL  Oevice.  *aS°C  for  CL/CP  Device. 
"Noise  immunity  specified  for  worst-case  input  combination. 
Noise  Margin  for  both  "V  and  "0"  level  ■  1 .0  Vdc  min  @  Vqq 

2.0  Vdc  min  &  Vdd 
2.5  Vdc  min  @  Vqd 

TTo  Calculate  Totol  Current  in  General: 


•  5.0  Vdc 

-  10  Vdc 

-  15  Vdc 


lT  -  2.2  x  VDD   ^VCOln -1.66  t  Vpp  -1.35\3/4 


1  X  10-1  vpp2  ^100  *  Duty  Cyde  o(  PCAin^  |  ^ 


\3/4                /vCOin- 1.6S\3/4  , 
■)         *   1.6  *\  !2j  j       +1x10-3|Cl  +  9)VOd  '« 


RSF 

where:  It  In  iiA,  Cl  in  pF,  VCOin.  Vqd  ln  Vdc.  f  In  I 
fl  I,  R2,  Rsf  >n  MJI,  CL  on  VCOaut. 
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ELECTRICAL  CHARACTERISTICS'  ICL  *  50  pF.TA  *  2S°CI 


Minimum 

Maximum 

vOO 

AL 

CL/CP 

Typical 

AL 

CL/CP 

Characteristic 

Symbol 

Vdc 

Device 

Oevice 

All  Types 

Device 

Device 

Units 

Output  Rite  Time 

<TLH 

nt 

•TLH  "  (3.0  nt/pF)  CL  ♦  30  nt 

5.0 

180 

350 

400 

<TLH  ■  (1.5  ns/pF)  CL  ♦  15  nt 

10 

90 

150 

200 

'TLH  -  (1.1  ns/pF)  CL  ♦  10  nt 

15 

65 

110 

160 

Output  Fall  Time 

«THL 

ns 

<THL  ■  (15  nt/pF)  C(_  ♦  25  nt 

50 

100 

175 

200 

tjHL  "  10.75  nt/pF)  CL  ♦  12.5  nt 

10 

50 

75 

100 

tTHL  "  (0.55  nt/pF)  C[_  *  9.5  nt 

15 

37 

55 

80 

PHASE  COMPARATORS  1  and  2 

Input  Retittance  -  PCAin 

"in 

5.0 

1.0 

1.0 

2.0 

Mil 

10 

0.2 

0.2 

0.4 

15 

0.1 

0.1 

0.2 

-  PCBin 

"in 

15 

ISO 

15 

1500 

MR 

Minimum  Input  Sentitivity 

Vin 

5.0 

200 

300 

400 

mV  p-p 

AC  Coupled  —  PCAjn 

10 

400 

600 

800 

C  teriei  -  1000  pF.  I  =  50  kHz 

15 

700 

1050 

1400 

DC  Coupled  -  PCAj„,  PCB,n 

5  to  IS 

See  Noite 

mmunity 

VOLTAGE  CONTROLLED  OSCILLATOR  (VCO) 


Maximum  Frequency 

IVCOi„"  VDD.  CI  "50pF. 
Rl  -  S  kll.  and  R2  •  -1 

*max 

5.0 
10 
15 

0.50 
1.0 
1.4 

0.35 
0.7 
1.0 

0.70 
1.4 
1.9 

MHz 

Temperature  -  Frequency  Stability 
IR2  ■  -1 

5.0 
10 
15 

0.12 
0.04 
0.015 

%I°C 

Linearity  (R2  -  -1 

IVCOin  -  2.50  V  •  0  30  V.  Rl  -j  10  kill 
1  VCO,„  -  5.00  V  !  2.50  V.  Rl  a  400  k(l) 
(VCOin  -  7.50  V  :  5.00  V.  Rl  S  1000  kll) 

50 
10 
15 

1 
1 
1 

% 

Output  Duty  Cycle 

5  to  15 

50 

% 

Input  Resistance -  VCOjn 

"in 

15 

150 

50 

1600 

M12 

SOURCE-FOLLOWER 


Offtet  Voltage 

5.0 

1.65 

2.2 

2.5 

V 

(VCOin  minus  SFout.  RSp  >  500  kit) 

10 

1.65 

2.2 

2.5 

15 

1.65 

2.2 

2.5 

Linearity 

% 

(VCOjn  ■  2.50  V  ;  0.30  V.  RgF  >  50  klj) 

5.0 

0.1 

(VCOin  =  5.00  V  ?  2.50  V,  Rgc  >  50  kfl) 

10 

0.6 

( VCOjn  -  7.50  V  t  5.00  V.  RgF  >  50  kn) 

15 

0.8 

ZENER  DIODE 

Zener  Voltage  <lz  »  50  uA) 

vz 

6.7 

6.3 

7.0 

7.3 

7.7 

V 

Dynamic  Retittance  (lz  =  1  mAI 

>»z 

100 

n 

"The  formula  given  is  for  the  typical  characteristics  only. 
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FIGURE  1  -  PHASE  COMPARATORS  STATE  DIAGRAMS 
PHASE  COMPARATOR  1 


Input  Suit 


PHASE  COMPARATOR  2 


Input  State 


LO 

(Lock  Detect  I 


Refer  to  Waveforms  In  Figure  3. 


FIGURE  2  -  DESIGN  INFORMATION 


Characteristic 

Using  Phase  Comparator  1 

Using  Phase  Comparator  2 

No  signel  on  Input  PCAjn. 

VCO  in  PLL  system  adjusts  to  center  frequency 

(fo>- 

VCO  in  PLL  system  adjusts  to  minimum  fre- 
quency (fmin). 

Phase  angle  between  PCA;n  and  PCBjn. 

90°  at  center  frequency  (for.  approaching  0° 
and  180°  at  ends  of  lock  range  (2fi_l. 

Always  0°  in  lock  (positive  rising  edges). 

Locks  on  harmonics  of  center  frequency. 

Yes 

No 

Signal  Input  noise  rejection. 

High 

Low 

Lock  frequency  range  C2f  |_>. 

The  frequency  range  of  the  input  signei  on  which  the  loop  wiil  stey  locked  if  it  was 
Initially  in  lock.  2f  \_  •  full  VCO  frequency  range  •  fmox  -  fmin- 

Capture  frequency  range  (2f  q)  . 

The  frequency  range  of  the  input  signal  on  which  the  loop  will  lock  if  it  was  initielly 
out  of  lock. 

Depends  on  low-pass  filter  characteristics 
(see  Figure  3).  *c  <*L 

'C-'L 

Center  frequency  do' 

The  frequency  of  VCO  out,  when  VCOjn  -  1/2  Vqd 

VCO  output  frequency  HI. 

Nota:  These  equations  are  intended 
to  be  ■  design  guide.  Since  calculated 
component  values  may  be  in  error 
by  as  much  m  a  factor  of  4,  labor- 
story  experimentation  may  be  re- 
quired for  fixed  designs.  Part  to  part 
frequency  variation  with  identical 
passive  components  Is  less  than 
120%. 

'min  -           1                    IVco  '"P01 '  VcqI 
R2(C,+  32pF)  °" 

'max  .   1            +  'min       (Voo  aw  -  VqoI 

Rl(Ci+32pFI 

Where:  10K  <  Ri  <  IM 
!0K<R2<1M 
lOOpF  <Cl  <  .01  (IF 
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FIGURE  3  -  GENERAL  PHASE  LOCKED  LOOP  CONNECTIONS  AND  WAVEFORMS 


PCA,„  _|4 
<P  F  roguancy  V 


2  or  13 

External 
Low  Pjrt» 
Filt«r 

9 

Comparator 

or 

Sourco 
Folio  war 


External 

H    *"  r 

^    Counlar  j 


VCO 
II      12  6 


I     ExiarnaH  H  "="  ~=~ 


<P  Fr*qu*ncv  Ml'  ■  f 


Typical  Low  Pass  Filters 

tb)  R3 
Input 


C2  T  1    /  2  nit 


Output 


B4 
C2 


Typically: 
R4  C2  - 


SN 


'max     »  »  A » 
100NAI 

<R3  ♦  3.000(1)  C2  - 


4*  "  'max  -  <min 


•max-* 


"4  <=2 


Note:    Sometimes  R3  is  split  into  two  series  resistors  each  R3  *  2.  A  capacitor  Crj  is  then  placed  Irom  the  midpoint  to  ground.  The  value  for 
Cq  should  be  such  that  the  corner  frequency  of  this  network  does  not  significantly  affect  ut).  In  Figure  B,  the  ratio  of  R3  to  R4  sets 
the  damping,  R4  a  {0.1HR3)  for  optimum  results. 


LOW  PASS  FILTER 


N  B  Total  division  ratio  in  feedback  loop 
K£  -  Voo/n  for  Fnase  Comparator  1 
Ke  E  n  for  Phase  Comparator  2 

2  ffA  fyco 
KVCO-^TV-  2ff(f 

for  a  typical  design  un  s    ^  ■  (at  phase  detector  input  I 
f  *  0.707 


Waveforms 


Phasa  Comparator  t 


I^KVCO 
"  NR3C2 


r  ■ 

F(s) 


2Kj,KvCO 

 !  

R3C2S+1 


1nc2(r3+r4i 


f  -  0.5  un<R3C2  + 
Flsl  = 


N 


K^KyCO 
R3C;;S+1 


SIR3C2+R.,C2)+1 


Phase  Comparator  2 


Note:  lor  lurther  information,  see: 
(1)  F.  Gardner,  "Phase-Lock  Techniques",  John  Wiley  and  Son,  New  York,  1966. 
12)  G.  S.  Moschyt2,  "Miniature  RC  Filters  Using  Phase-Locked  Loop",  BSTJ,  May.  1965. 

(3)  Garth  Nash,  "Phase-Lock  Loop  Design  Fundamentals",  AN-535.  Motorola  Inc. 

(4)  A.  B.  Przedpefski,  "Phase-Locked  Loop  Design  Articles",  AR254,  reprinted  by  Motorola  Inc. 


PCAin 

PCBin 

1 
1 
1 

1 

•  1 
I  1 

LO 
P«out 

J 

i  l 
">  i 

1 

-VOD 
.  Vss 
-V0H 

•  Vol 

•  V0H 

vol 

VOM 

vol 

—  Vqh 


—  vol 
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HEX  BUFFERS 

The  MC14049UB  hex  inverter/buffer  and  MC14050B  non- 
inverting  hex  buffer  are  constructed  with  MOS  P-channel  and 
N-channel  enhancement  mode  devices  in  a  single  monolithic 
structure.  These  complementary  MOS  devices  find  primary  use 
where  low  power  dissipation  and/or  high  noise  immunity  is 
desired.  These  devices  provide  logic-level  conversion  using  only 
one  supply  voltage,  Vqq.  The  input-signal  high  level  (V||-|l  can 
exceed  the  Vqq  supply  voltage  for  logic-level  conversions.  Two 
TTL/DTL  Loads  can  be  driven  when  the  devices  are  used  as 
CMOS-to-TTL/DTL  converters  (VDD  =  5.0  V,  V0L  <  0.4  V, 
'OL^  3.2  mA)-  Note  that  pins  1 3  and  1  6  are  not  connected  in- 
ternally on  these  devices;  consequently  connections  to  these 
terminals  will  not  affect  circuit  operation. 

•  High  Source  and  Sink  Currents 

•  High-to-Low  Level  Converter 

•  Supply  Voltage  Range  =  3.0  V  to  18  V 

•  Meets  JEDEC  UB  Specifications- MC1 4049UB 
Meets  JEDEC  B  Specification-MC1 4050B 

•  V|n  can  exceed  Vqq 


MAXIMUM  RATINGS*  (Voltages  Referenced  10  Vss) 


'Maximum  Ratings  are  those  values  boyond  which  damage  to  the  device  may  occur. 


MC14049UB 


CIRCUIT  SCHEMATIC 
I1/60F  CIRCUIT  SHOWNI 


V0D 


1 


»I5 

-I  I — I 


a 


Symbol 

Parameter 

Value 

Unit 

vDD 

DC  Supply  Voltage 

-0  5  lo  +  18.0 

V 

Vin 

Input  Voltage  (DC  or  Transient) 

-0.5  to  -  18  0 

V 

Vout 

Output  Voltage  (DC  or  Transient) 

-0  5  to  V00  -  0  5 

V 

•in 

Input  Current  (OC  or  Transient),  per  Pin 

5:10 

mA 

•out 

Output  Current  (DC  or  Transient),  per  Pin 

^  45 

mA 

Tstq 

Storage  Temperature 

-65  to  »  150 

•c 

TL 

Lead  Tomperature  (8-Socond  Soldering) 

260 

•c 

MC14049UB 
MC14050B 


CMOS  SSI 

(LOW-POWER  COMPLEMENTARY  MOS) 

HEX  BUFFERS 

Inverting  -  MC14049UB 
Noninverting  -  MC14050B 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE        PLASTIC  PACKAGE 
CASE  620  CASE  648 


ORDERING  INFORMATION 

A  Series  -  55'C  10  +  1 25*C 
MCI axxXBAL  or  UQAL  (Ceramic  Packago  Only) 

C  Sorios  -40°CIO+65*C 
MCMXXXBCP  or  UBCP  (Plastic  Packago) 
MCI4XXXBCL  or  UBCL  (Ceramic  Packago) 


LOGIC  DIAGRAMS 
MC14049UB  MC140SOB 


->-4 


>  J 


■  ) 


NC  =  Pin  13,  16  NC  =  Pin  13,  16 
Vss  =  Pin  8  Vss  =  Pin  8 


VDD  =  Pin  1 


VDD  ,  Pin  1 
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MC14049UB«MC14050B 


ELECTRICAL  CHARACTERISTICS  (Voimges  Referenced  to  vss) 


Vdd 

Tlow* 

2S°C 

Thigh*  . 

Chsractirittic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ  # 

Max 

Min 

Max 

Unit 

Output  Voltage 

"0"  Level 

vol 

S.0 

OXIS 

g 

0X15 

0X15 

Vdc 

Vin-Voo0'0 

10 

0X15 

o 

0X15 

0.05 

15 

OXIS 

0 

0.05 

0.05 

Vin  =  0  or  V0D 

"1"  Level 

voh 

S.0 

4.95 

4.95 

5.0 

4.95 

Vdc 

10 

9.95 

9.95 

10 

935 

15 

14.95 

14.95 

15 

14.95 

Input  Voltage  MC14043UB 

"0"  Level 

V|L 

Vdc 

IV0  -  4.S  Vdc) 

5.0 

1X1 

2.25 

1.0 

1X1 

(V0  -  9X1  Vdc) 

10 

2X1 

4.50 

2.0 

2X1 

(V0  -  13.5  Vdc) 

15 

2.5 

6.75 

2.5 

2S 

"1"  Level 

V|H 

Vdc 

(Vo  -  OS  Vdc) 

5.0 

4.0 

4X1 

2.75 

4.0 

IVo  ■  1 .0  Vdc) 

10 

8.0 

8X1 

5.50 

8.0 

(VQ  *  1  S  Vdc) 

15 

12.5 

12.5 

8-25 

125 

Input  Voltage  MC140S0B 

"0"  Level 

VlL 

Vdc 

IV0  -  OS  Vdc) 

5.0 

IS 

2.25 

15 

15 

(V0-1.0Vdc) 

10 

3X1 

4.50 

3X1 

3.0 

<V0  -  1 S  Vdc) 

15 

_ 

4.0 

_ 

6.75 

4X1 

4.0 

"1"  Level 

V|H 

Vdc 

IVq  -  AS  Vdc) 

SXI 

3.5 

3.5 

2.75 

3S 

(Vo  -  9J0  Vdc) 

10 

7X1 

7.0 

5.50 

7.0 

(Vq  ■  135  Vdcl 

15 

11 

11 

8.25 

11 

Output  Drive  Current  (AL  Device) 

'OH 

mAdc 

IVoh  "  2.6  Vdc) 

Source 

5.0 

-1£ 

-1.25 

-2.5 

-6a 

(Vqh  ■  OS  Vdc) 

10 

-1X4 

_ 

-1.3 

-2.6 

-0.9 

IV0H  "13.6  Vdc) 

IS 

-4.7 

_ 

-3.78 

-10 

- 

-2.7 

- 

(V0L  -  0.4  Vdc) 

Sink 

'OL 

5.0 

3.75 

- 

3.2 

6.0 

- 

2.2 

- 

mAdc 

(V0L  -OS  Vdcl 

10 

10 

- 

8X1 

16 

- 

5.6 

- 

(Vol -'-5  Vdc) 

15 

30 

- 

24 

40 

- 

17.0 

- 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

(Vqh  "  2-8  Vdc) 

Source 

5.0 

-1.5 

-1.25 

-2.5 

- 

-1X1 

- 

(V0H  "  9-6  Vdc) 

10 

-1.5 

- 

-1.3 

-2.6 

- 

-1X1 

- 

(Vqh  *  '3-5  Vdc) 

15 

-4.6 

- 

-3.7S 

-10 

- 

-30 

- 

(v0l  "  o.«  vdc) 

Sink 

'OL 

5X1 

3.6 

- 

3.2 

6.0 

- 

2.6 

- 

mAdc 

(v0l  'OS  vdc) 

10 

9.6 

- 

8X1 

16 

- 

6.6 

- 

(Vql-  '-8  Vdc) 

15 

28 

- 

24 

40 

19 

- 

Input  CurrentMAL  Device) 

'in 

IS 

- 

tO.I 

1 0.00001 

tO.1 

- 

;1.0 

uAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

- 

s0.3 

tO.00001 

>0.3 

- 

tl.0 

pAdc 

Input  Capacitance 

Cin 

- 

10  • 

20 

pF 

(Vin-OI 

Quiescent  Current  (AL  Device) 

'DO 

SJO 

1X1 

0.002 

1.0 

30 

vAdc 

(Per  Package) 

10 

2X1 

0.004 

2X1 

60 

15 

4X1 

0.006 

4.0 

120 

Quiescent  Current  (CL/CP  Device) 

■dd 

S.0 

4.0 

0.002 

4X1 

30 

uAdc 

(Per  Package) 

10 

8.0 

0X>04 

8.0 

60 

15 

16 

0.006 

16 

120 

Total  Supply  Current"  M 

'T 

5.0 

lT-(1flpA/kHl)l  +  lD0 

uAdc 

(Dynamic  plus  Quiescent,  Per  Package) 

10 

lT-(3£)iA/kHl)l  +  l00 

(Cl  SO  pF  on  all  outputs,  all  buffers  switching) 

IS 

lT-(5.3uA/kHz)f+lDD 

*Tlow*  -  55*C  for  AL  Device,  -40"C  for  CL/CP  Device 
ThighB  +  125'C  (or  AL  Device,  +  85'C  for  CL/CP  Device. 

#Data  labelled  "Typ"  Is  not  to  be  used  for  design  purposes 
but  is  Intended  as  an  Indication  of  the  IC's  potential  performance. 

"The  formulas  given  are  for  the  typical  characteristics  only  at  2S*C. 


tTo  calculate  total  supply  current  at  loads  other  than  50  pF: 

It(Cl)  -  lT<S0  pF>  +  <CL  -50)  Vfk 

where:  \  j  Is  in  llA  (por  package),  C|_  in  pF,  V  -  (Vqq- Vss)  'n  vo'ts* 
f  In  kHz  Is  Input  frequency,  and  k  ■>  0.002. 
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MC14049UB*MC14050B 


SWITCHING  CHARACTERISTICS*  (CL  -  so  PF.  ta  -  25°C) 


Chtractarfttic 

Symbol 

Vde 

Mm 

Typ# 

Max 

Unit 

MC14049UB 

Output  Rta»  Ttnw 

«TLH 

nt 

tTI  U  m  inn  ni/nCI  «"*.   •*•  ttft  n« 

R  A 

O.U 

ton 

lt)U 

<TLH  -  (0.3  ni/pF)  Cl  +  35  nt 

10 

50 

100 

'TLH  -  (027  ni/pF)  CL  +  26.5  nt 

16 

40 

60 

Output  Fall  Time 

«THL 

nt 

tTHL  *  10 -3  nt/pF)  Cl  +  25  rn 

6.0 

40 

60 

«THL  "  I0.«  nt/pF)  CL  +  14  n» 

10 

20 

40 

tTHL  '  10.1  itt/pF)  CL  +  10  nt 

16 

16 

30 

Propagation  Oetay  Time 

>PLH 

nt 

tf>LH  -  (0  .38  ra/pFI  Cl  +  61  nt 

6.0 

80 

120 

tpLH  *  (020  nt/pF)  Cl  ♦  30  nt 

10 

40 

66 

tpLH  '  (0.11  nt/pF)  Cl  ♦  24.5  nt 

16 

30 

60 

Propagation  Delay  Tima 

«PHL 

nt 

tpHL-  (0.38nt/pF)CL-»  11  nt 

5.0 

30 

60 

tpHL  *  (0-12  m/pF)  Cl  ♦  9  nt 

10 

15 

30 

*PHL  "  (0-1 1  ni/pF)  Cl  +  4.6  n» 

16 

10 

20 

MC14050B 

Output  Rita  Tlma 

'TLH 

nt 

TLH  "  (0.7  ni/pF)  Cl  +  65  n« 

5A 

100 

160 

tTLH  -  (025  nt/pF)  Cl  ♦  37.6  nt 

10 

60 

60 

tTLH  -  (02  nt/pF)  CL  +  30  nt 

16 

40 

60 

Output  Fall  Tima 

THL 

nt 

tTHL  "  (0-2  nt/pFI  CL  +  30  nt 

6.0 

40 

60 

tTHL  "  <0A6  Rt/pF)  Cl  +17  n» 

10 

20 

40 

tTHL  "  (0j04  nt/pF)  Cl  +  13  nt 

16 

16 

30 

Propagation  Delay  Tima 

«PLH 

nt 

'PLH  *  (0.33  m/pF)  Cl  +  63.6  nt 

5.0 

SO 

140 

tpLH  "  (0.19  nt/pF)  Cl  +  30.6  nt 

10 

40 

80 

tpLH  *  (0.06  nt/pF)  Cl  ♦  27  nt 

16 

30 

60 

Propagation  Delay  Time 

«PHL 

nt 

tpHL  "  (02  nt/pFI  Cl  +  30  nt 

6.0 

40 

80 

tpHL  "  (0-1  w/pFt  Cl  +  16  n» 

10 

20 

40 

tPHL  "  I0'05  nt/pF)  Cl  +  12.6  nt 

16 

15 

30 

The  lormulas  given  are  for  the  typical  characteristics  only  at  2S*C. 
#Data  labelled  "Typ"  18  not  to  be  U80d  for  de8lgn  purposo8  but  is 
intended  as  an  Indication  of  the  IC'a  potential  performance. 


FIGURE  1  -  TYPICAL  VOLTAGE  TRANSFER  CHARACTERISTICS  oertut  TEMPERATURE 
MC14M9UB  MC140S0B 


S  10  IS  18  5  10  IS  10 

Vo  INPUT  VOLTAGE  WW  Vin  INPUT  V0LTA0E  (Vdcl 
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MC14049UB«MC14050B 


FIGURE  2  -  TYPICAL  OUTPUT  SOURCE  CHARACTERISTICS 


*DS  "  vOH  "  vDO 


ft 


I 

VGS 

•5.0  V 

St 

VGS" 

lOVdc 

VGS' 

ISVdt 

Ml 

(bourn 

Mtttat 

.ml 

r-- 

-8.0  -0.0  -4.0  -2.0 

VOS  ORAINTO-SOURCE  VOLTAGE  (Vdcl 


FIGURE  4  -  AMBIENT  TEMPERATURE 
POWER  DERATING 


000 

900 

PLASTIC  Oil  CERAMIC 

800 
700 

P 

ACKAGC 

600 
500 
400 

300 

200 
100 
0 

50        75       100       125  150 
lA.  AMBIENT  TEMPERATURE  (°CI 


This  device  contains  circuitry  to  pro- 
tect the  inputs  against  damage  due  to 
high  static  voltages  or  electric  fields 
referenced  to  the  Vss  pin,  only.  Extra 
precautions  must  be  taken  to  avoid  ap- 
plications of  any  voltage  higher  than  the 
maximum  rated  voltages  to  this  high-im- 
pedance circuit.  For  proper  operation, 
the  ranges  Vss  «  Vjn  «  18  V  and  Vss 
*  V0ut  «  Vdd  are  recommended. 

Unused  inputs  must  always  be  tied  to 
an  appropriate  logic  voltage  level  (e.g., 
either  Vss  or  Vdd)-  Unused  outputs 
must  be  left  open. 


FIGURE  3  -  TYPICAL  OUTPUT  SINK  CHARACTERISTICS 

'VDD  MC140SOB 


1  1 
VGS  ■  !5Vdc 

Vc 

S-IO 

Maximum  Current  Level 

VGS 

1 

1 

20  4.0  60  10  10 

VOS  0RAIN-T0  SOURCE  VOLTAGE  (Vdtl 


FIGURE  S  -  SWITCHING  TIME  TEST  CIRCUIT 
AND  WAVEFORMS 


Pulie 

— O— — f 

Generator 

IT 

'J*  CL 


Output 
MCM049UB 


90% 
SDK 
10% 


Output 
MC14050B 


 jf  —  '0%  f 


A- 


/— 30%         >fj  VOH 
I0B  A _S0*  \ 

'TLH  — H   [—  —J  1—tTHL 


#lnv*ft  on  MCI4049UB  only 


PIN  ASSIGNMENT 

1 

VDD 

NC 

— 1  16 

2 

OutA 

Outp 

=1  is 

3 

In  A 

lnF 

=3  14 

4 

OutB 

NC 

ZZJ  13 

5 

In  a 

Outg 

=11 J 

6 

Outc 

lne 

7 

In  c 

OutD 

=310 

8 

vSs 

Ing 

NC  =  No  Connection 
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M<DTOFtOLA 


ANALOG  MULTIPLEXERS/DEMULTIPLEXERS 

The  MC14051B,  MC14052B.  and  MC14053B  analog 
multiplexers  are  digitally-controlled  analog  switches.  The 
MC14051B  effectively  implements  an  SP8T  solid  state  switch,  the 
MC14052B  a  DP4T,  and  the  MC14053B  a  Triple  SPDT.  All  three 
devices  feature  low  ON  impedance  and  very  low  OFF  leakage  cur- 
rent. Control  of  analog  signals  up  to  the  complete  supply  voltage 
range  can  be  achieved. 

■  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Analog  Voltage  Range  (Voq-Vee)  =  3  to  18  V 
Note:  Vee  must  be  =s  Vss 

•  Linearized  Transfer  Characteristics 


Low-Noise  -  12  nV/y  Cycle,  f  »  1  kHz  typical 

Pin-for-Pin  Replacement  for  CD4051,  CD4052,  and  CD4053 

For  4PDT  Switch,  See  MC14551B 

For  Lower  Ron.  Use  the  HC4051,  HC4052,  or  HC4053 

High-Speed  CMOS  Devices 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage  (Referenced  lo  V^g. 
Vss  »  vee) 

-0.5  lo  +  18.0 

V 

vin-  voul 

Input  or  Output  Voltage  (DC  or  Transient) 
(Referenced  10  V5S  for  Control  Inputs  and  V^E 
for  Switch  I/O) 

-0.5  to  VDD  +05 

V 

l,n 

Input  Current  (DC  or  Transient), 
per  Control  Pin 

±  to 

mA 

'sw 

Switch  Through  Current 

±25 

mA 

Pd 

Power  Dissipation,  per  Packaget 

500 

mW 

Tslg 

Storage  Temperature 

-65  to  +150 

•c 

Lead  Temporaturo  (6-Socond  Soldoring) 

260 

•C 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
tTemperalure  Deratmg:  Plastic  "P"  Package:  -  12mW/*C  from  65*C  to  85"C 

Ceramic  "L"  Package:  -  12mW/"C  Irom  100°C  to  125"C 


MC14051B 
MC14052B 
MC14053B 


CMOS  MSI 

ILOW^OWE  P.  COMPLEMENTARY  MOS) 


ANALOG  MULTIPLEXERS/ 
DEMULTIPLEXERS 


CASE  620 
L  SUFFIX 
CERAMIC  PACKAGE 


CASE  646 
P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Seilos:  -  55'C  to  + 1 25*C 

MC14XXXBAL  (Ceramic  Packago  Only) 

C  Soilea:  -40°Cto  +  B5*C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


MC14D51B 

8-Channol  Analog 
Multiplexer/Demultiplexer 


MC14052B 

Dual  4-Channel  Analog 
Mu  Itiplaxer/Demuitiplexer 


Triple  2-Channel  Analog 
Multiplexer/Demultiplexer 


1  11c 
I  too — 

L  9  O — 


In'Otpr 


130 — 

xo 

140  

X  1 

1  50  

X2 

120  

X3 

lO  

X4 

SO — 

XS 

20 — 

X6 

.  40— 

X7 

03 

OuT'lo 


Con  if  an 


{ 


■■hi." 

A 

8 

K 

XC 

Ml 

X2 

X3 

vn 

V  1 

V 

V3 

V3 

Coitimani 
Out/In 

In/Out 


Commons 
Out/In 


VDD  -  Pin  16  V0D  -  Pin  16 

Vss  -  Pin  8  Vss  -  Pin  8 

VE£  -  Pin  7  VEE  -  Pin  7 

Note:  Control  Inputs  referenced  to  Vss.  Analo9  Inputs  and  Outputs  reference  to  Vr.F.    Vee  must  be  <  Vss- 


Vjjg  •  Pni  6 
✓  FF  -  Pin  1 
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MC14051  B*MC14052B»MC14053B 


ELECTRICAL  CHARACTERISTICS 


w 

2S'C 

Thigh* 

Characteristic 

Symbol 

Vqd 

Test  Conditions 

Mln  |  Max 

Mln  |   Typ#  |  Man 

Mln  |  Man 

Unit 

SUPPLY  REQUIREMENTS  (Vollages  Referenced  lo  VEE) 


Power  Supply  Voltage 

VDD 

Vqd-3  »  VSS  »  VEE 

3 

18 

3 

18 

3 

18 

V 

Range 

Quiescent  Current  Per 

IqD 

5 

Control  Inputs:  Vjn  -  Vgs  or  Vqq, 

5 

0005 

5 

150 

uA 

Package  (AL  Device) 

10 

Switch  I/O:  VEE  «  V„o  <  Vqq. 

10 

0.010 

10 

300 

15 

and  &Vswucr)  «  500  mV*« 

20 

0  015 

20 

600 

Quiescent  Current  Per 

'DO 

5 

Control  Inputs:  Vjn  *  Vgs  or  Vqq, 

20 

0.005 

20 

150 

!»A 

Package  (CL/CP  Device) 

10 

Switch  I/O:  VEg  «  V|(0  *  VD0. 

40 

0010 

40 

300 

15 

and  AVswi|cn  <  500  mV** 

80 

0.015 

80 

600 

Total  Supply  Current 

'D(AV) 

5 

TA  -  25"C  only 

(0  07  oA/kHz)(  + 

DD 

uA 

(Dynamic  Plus  Ouiescent, 

10 

(The  channel  component, 

Typical 

(0  20  |iA/kHz)l  ♦ 

'dd 

Per  Package) 

15 

(Vin-VoutVon.  '»  "ot 

(0.36  |iA/kHz)l  + 

DD 

included.) 

CONTROL  INPUTS  —  INHIBIT,  A,  B,  C  (Vollages  Relerenced  to  vss) 


Low-Level  Input  Voltage 

V|L 

5 
10 
15 

Ron  "  Per  spec, 
'oil  "  P°r  8Pec 

1.5 
30 
4  0 

225 
4.50 
6  75 

15 
3  0 
4.0 

15 
30 
4  0 

V 

High-Level  Input  Voltage 

V|H 

5 
10 
15 

"on  -  P»  spec, 
'oil  "  P*'  sPec 

3  5 
7  0 
110 

35 
7.0 
11.0 

2  75 
5  50 
825 

3.5 
70 
11.0 

V 

Input  Leakage  Current 
(AL  Device) 

■in 

15 

V|„  -  0  or  V0D 

sO  1 

±0  00001 

±0.1 

±10 

uA 

Input  Leakage  Current 
(CL/CP  Device) 

■in 

15 

Vin  -  0  or  VDD 

±03 

±0  00001 

±0  3 

±  10 

uA 

Input  Capacitance 

ctn 

SO 

7  5 

pF 

SWITCHES  IN/OUT  AND  COMMONS  OUT/IN  -  X,  Y,  Z  (Voltages  Referenced  to  vEE) 

Recommended  Peak-to- 
Peak  Voltage  Into  or 
Out  ol  the  Switch 

V|/0 

Channel  On  or  Oil 

0 

vDo 

0 

Vqd 

0 

VDD 

Vpp 

Recommended  Static  or 
Dynamic  Voltage  Across 
the  Switch**  (Figure  5) 

AVswttch 

Channel  On 

0 

600 

0 

600 

0 

300 

mV 

Output  Offset  Voltage 

voo 

Vi„  -  0  V.  No  load 

10 

fV 

ON  Resistance 
(AL  Device) 

"on 

5 
10 
15 

avswitch  «  500  mV««. 
vin  -  Vil  or  V|H  (Control), 
and  Vm  -  0  to  Vqq  (Switch) 

800 
400 
220 

250 
120 
80 

1050 
500 
280 

1300 
550 
320 

n 

ON  Resistance 
(CL/CP  Oovice) 

"on 

5 

10 
15 

Avswitch  *  500  mV". 
Vin  -  V,L  or  V|H  (Control), 
and  Vjn  -  0  lo  Vqq  (Switch) 

880 
450 
250 

250 
120 
80 

1050 
500 
280 

1200 
520 
300 

n 

A  ON  Resistance  Between 
Any  Two  Channels 
in  the  Same  Package 

ARon 

5 
10 
15 

70 
50 
45 

25 
10 
10 

70 
50 
45 

135 
95 
65 

n 

Off -Channel  Leakage 
Current  (AL  Device) 
(Figure  10) 

loll 

15 

V,n  "  VIL  «  V|H  (Control) 
Channel  to  Channel  or 
Any  One  Channel 

±100 

=  0  05 

±100 

±1000 

nA 

Off-Channel  Leakage 
Current  (CL/CP  Device) 
(Figure  10) 

loll 

15 

Vin  -  V|L  or  V|H  (Control) 
Channel  to  Channel  or 
Any  One  Channel 

±300 

±0  05 

±300 

±  1000 

nA 

Capacitance,  Switch  I/O 

C|/0 

Inhibit  =  Vqq 

10 

pp 

Capacitance,  Common  O/l 

Co/l 

Inhibit  =  Vqq  (MC14051B) 
(MC140S2B) 
(UC14053B) 

60 
32 
17 

pF 

Capacitance,  Feed  through 
(Channel  Off) 

C|/0 

Pins  Not  Adjacent 
Pins  Adjacent 

0  15 
047 

pF 

*  T[ow  =  -S5*C  for  AL  Device.  -40' for  CUCP  Device 
Thigh  "  +  1  Z5"c  ,or  AL  Device,  +  B5'C  for  CL/CP  Device. 

#  Data  labeled  "Typ"  is  not  to  be  used  for  design  purposes,  but  is  intended  as  an  indication  of  the  iC's  potential  performance. 


••For  voltage  drops  across  the  switch  (AVawitch)  >600  mV  (>300  mV  at  high  temperature),  excessive  Vqq  current  may  be  drawn:  i.e.  the  current 
out  of  (he  switch  may  contain  both  Vqq  and  switch  input  components.  The  reliability  of  the  device  will  be  unaffected  unless  the  Maximum  Rat- 
ings are  exceeded.  (See  first  page  ol  this  data  sheet.) 
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ELECTRICAL  CHARACTERISTICS*  (Cl  =  60  pF,  Ta  =  25*C)  (Vee  *  VSS  unless  otherwlao  Indicated) 


Characteristic 

Symbol 

Vdd-vee 

Vde 

Typo 
All  Types 

Max 

Unit 

Propagation  Delay  Times  (Figure  6) 

Switch  Input  to  Switch  Output  (R|_  -  10  kill 
MC14051 

•PIH,  tpHL  "  <0'"  nt/pF)  Cl  +  26.5  nt 
tpLH,  <PHL  ■  <0  08  nt/pF)  C\_  +  11  ni 
tpLH,  tpHL  *  (o  oe  nt/pF)  C|_  +  9.0  ni 

•PLH.'PHL 

6.0 
10 
16 

35 
16 
12 

SO 
40 
30 

ni 

MC140S2 

tp|.H,  tpHL"  10.17  ni/pFI  Cl.  +  21.6  ni 
•PLH.  <PHL  "  '".08  ni/pPI  C(_  +  8.0  ni 
'PLh'  tpHL  "  I"-08  ni/pF)  C^  ♦  7.0  ni 

5.0 
10 
16 

30 
12 
10 

76 
30 
25 

ns 

MC140S3 

«PLH,  «PHL  "  W.17  ni/pF)  Cl  ♦  16.6  ni 
'PLH.  <PHL  *  '0  08  nt/pF)  Cl  +  4.0  nl 
tpLH,  «PHL  "  '°-06  »«/PFI  Cl  +  3.0  n« 

5.0 
10 
16 

25 
8.0 
6.0 

65 
20 
15 

ni 

Inhibit  to  Output  <RL  -  10  kn.  VEE  -  Vss) 
Output  "1"  or  "0"  to  High  Impedance,  or 
High  Impedance  to  "1"  or  "0"  Level 
MC 1405  IB 

tPHZ,  «PLZ. 
«PZM,  <PZL 

6.0 
10 
IS 

350 
170 
140 

700 
340 
280 

ni 

MC14052B 

5.0 
10 
15 

300 
155 
125 

600 
310 
260 

nl 

MC14053B 

5.0 
10 
15 

276 
140 
110 

560 
280 
220 

nt 

Control  Input  to  Output  (Hl  -  10  kn.  VEg  -  Vss) 
MC14051B 

tPLH.  «PHL 

5.0 
10 
15 

380 
160 
120 

720 
320 
240 

ni 

MC14052B 

5.0 
10 
15 

325 
130 
90 

660 
260 
180 

ni 

MC14053B 

5.0 
10 
IS 

300 
120 
80 

600 
240 
160 

ns 

8econd  Harmonic  Distortion 

(RL  -  10KJ1,  1  -  1kHz)  V|n  -  5  Vpp 

10 

0.07 

% 

Bandwidth  (Figure  7) 

IRL  =  1  Mi.  Vin  =  1/2  (VDD  VEE)  p  p.  CL  -  50pF 

20log^2!!<  -3dBI 
vin 

BW 

10 

17 

MHz 

Olf  Channel  Feedthrough  Attenuation  (Figure  7) 
RL  -  1KO,  Vin  -  1«  (VD0  -  VEE)  p-p 
(in  -  4.S  MHz  —  MCI 405 IB 
t|n  "  30  MHz  —  MC14052B 
<|n  »  55  MHz  —  MC140S3B 

- 

10 

-50 

- 

dB 

Channel  Separation  (Figure  6) 

mL  =  i  wi.  vin  =  1/2  iv00-veei  p  p. 

f|n  -  3.0  MHz 

10 

-50 

dB 

Crosstalk,  Control  Input  to  Common  O/l  (Figuro  0) 

(Rt  -  i  kn,  rl  -  io  kn 

Control  txLH  "  <THL  "  20       Inhibit  -  Vss) 

10 

75 

mV 

•Tho  formulas  ctven  aro  lor  the  typical  characteristics  only  at  2S*C. 
eDota  Isbollsd  "Typ"  Is  not  to  be  used  for  daskjn  purposes  but  lo 
Inlondod  as  en  Indication  of  the  IC's  polentlol  performance. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  (lelds.  How- 
ever, precautions  must  be  taken  to  avoid  applications  ol  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation,  V|n  and  Voul  should  be  constrained  to  the  range  Vss  K  (vfn  or  voul)  *  vOO' 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss.  Vee-  or  Vqd).  Unused 
outputs  must  be  lelt  open. 
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FIGURE  1  —  SWITCH  CIRCUIT  SCHEMATIC 
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TRUTH  TABLE 


Control  Inputs 

Select 

ON  Switches 

Inhibit 

C* 

B 

A 

MCI  4051 B 

MC1405ZB 

MC140S3B 

0 

0 

0 

0 

XO 

vo 

XO 

zo 

VO  XO 

0 

0 

0 

1 

XI 

vi 

X1 

zo 

VO  XI 

0 

0 

1 

0 

X2 

V2 

X2 

ZO 

VI  XO 

0 

0 

t 

1 

X3 

V3 

X3 

zo 

VI  XI 

0 

i 

0 

0 

X4 

Z1 

VO  XO 

0 

i 

0 

1 

XS 

Zl 

VO  XI 

0 

i 

1 

0 

X6 

Z1 

VI  xo 

0 

i 

1 

1 

X7 

Zl 

VI  X1 

1 

X 

X 

X 

Nona 

Nona 

None 

■Not  applicable  for  MC 14002 
x  ■  Don't  Cere 


FIGURE  2  -  MC140S1B  FUNCTIONAL  DIAGRAM 
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FIGURE  3  -  MC14052B  FUNCTIONAL  DIAGRAM 
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FIGURE  4  -  MC14053B  FUNCTIONAL  DIAGRAM 
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TEST  CIRCUITS 

FIGURE  6  -  PROPAGATION  DELAY  TIMES. 
FIGURE  5  —  iV  ACROSS  SWITCH  CONTROL  AND  INHIBIT  TO  OUTPUT 
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VODvEE  VEE  VOO 


FIGURE  7  —  BANDWIDTH  AND  OFF-CHANNEL  FEEDTHROUQH 
ATTENUATION 


A,  B,  and  C  inputs  used  to  turn  ON  or  OFF 
Eho  switch  under  test. 
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FIGURE  8  —  CHANNEL  SEPARATION 
(ADJACENT  CHANNELS  USED  FOR  SETUP) 
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FIGURE  9  —  CROSSTALK,  CONTROL  INPUT  TO 
COMMON  Oil 


FIGURE  10  —  OFF  CHANNEL  LEAKAGE 
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APPLICATIONS  INFORMATION 


Figure  A  illustrates  use  of  the  on-chip  level  con- 
verter detailed  in  Figures  2,  3,  and  4.  The  0-to-5  V 
Digital  Control  signal  is  used  to  directly  control  a  9 
Vp.n  analog  signal. 

The  digital  control  logic  levels  are  determined  by 
Vqd  and  VSS-  The  Vqd  voltage  is  the  logic  high 
voltage;  the  V*ss  vol|89e  is  lo9ic  low-  For  the  exam- 
ple, Vdd  =  +5  V  =  logic  high  at  the  control  inputs; 
VSS  =  GND  =  0  V  =  logic  low. 

The  maximum  analog  signal  level  is  determined 
by  Vqd  and  VEE-  "The  Vdd  voltage  determines  the 
maximum  recommended  peak  above  Vss-  The  Vee 
voltage  determines  the  maximum  swing  below  Vss- 
For  the  example,  Vdd  -  Vss  =  5  V  maximum 
swing  above  Vss;  VSS  ~~  VEE  =  5  V  maximum 
swing  below  Vss-  The  example  shows  a  ±  4.5  V 


signal  which  allows  a  V4  volt  margin  at  each  peak.  If 
voltage  transients  above  Vdd  and/or  below  Vee  are 
anticipated  on  the  analog  channels,  external  diodes 
(Dx)  are  recommended  as  shown  in  Figure  B.  These 
diodes  should  be  small  signal  types  able  to  absorb 
the  maximum  anticipated  current  surges  during 
clipping. 

The  absolute  maximum  potential  difference  be- 
tween Vdd  and  Vee  is  18  0  v-  Most  parameters  are 
specified  up  to  15  V  which  is  the  recommended 
maximum  difference  between  Vdd  and  Vee- 

Balanced  supplies  are  not  required.  However, 
Vss  musl  be  greater  than  or  equal  to  Vee-  For  ex- 
ample, Vdd  =  +10  v,  vss  =  +5  v,  and  vee  = 

-3  V  is  acceptable.  See  the  Table  below. 


FIGURE  A  —  APPLICATION  EXAMPLE 
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FIGURE  B  —  EXTERNAL  GERMANIUM  OR  SCHOTTKY  CLIPPING  DIODES 
V0D  VD0 
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POSSIBLE  SUPPLY  CONNECTIONS 


vdd 
In  Volt* 

vss 

In  Volts 

vee 

In  Volta 

Control  Inputs 
Loglo  Hlgh/Loglo  Low 
In  Volts 

Maximum  Analog  Signal  Range 
In  Volta 

+  8 

0 

-8 

+  8/0 

+  8  to  -8  -  16  Vp.p 

+  5 

0 

-12 

+  5/0 

+  5  to  -12  -  17  Vp.p 

+  5 

0 

0 

+  5/0 

+  5  to  0  -  5  Vp.p 

+  5 

0 

-5 

+  5/0 

+  8  to  -5  -  10  Vp.p 

-1-10 

+  5 

-5 

+  10/  +  5 

+  10  to  -5  -  15  Vp.p 
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MOTOROLA 


MC14060B 


14-BIT  BINARY  COUNTER  AND  OSCILLATOR 

The  MC14060B  is  a  14-stage  binary  ripple  counter  with  an  on-chip  os- 
cillator buffer.  The  oscillator  configuration  allows  design  of  either  RC  or 
crystal  oscillator  circuits.  Also  included  on  the  chip  is  a  reset  function 
which  places  all  outputs  into  the  zero  state  and  disables  the  oscillator.  A 
negative  transition  on  Clock  will  advance  the  counter  to  the  next  state. 
Schmitt  trigger  action  on  the  input  line  permits  very  slow  input  rise  and  fall 
times.  Applications  include  time  delay  circuits,  counter  controls,  and  fre- 
quency dividing  circuits. 

•  Fully  static  operation 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  V  to  18  V 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Buffered  Outputs  Available  from  Stages  4  Through  10  and 
12  Through  14 

•  Common  Reset  Line 

•  Pin-for-Pin  Replacement  for  CD4060B 


CMOS  MSI 

ILOW  POWER  COMPLEMENTARY  MOS) 

14-BIT  BINARY  COUNTER 
AND  OSCILLATOR 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PlASTlC  PACK AGL 
CASE  648 


ORDERING  INFORMATION 

A  Sorlos:  -65'C  to  +  125*C 

MC14XXXDAL  tCeramlc  Package  Only) 

C  Serios:  -  40'C  to  +  85*C 
MCI  4XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


TRUTH  TABLE 


Clock 

RESET 

Output  State 

L 

No  Change 

L 

Advance  to  next  stale 

X 

H 

All  Outputs  are  low 

X  =  Don't  Care 


PIN  ASSIGNMENT 

012  [ 

"i  V 

1  vDD 

Q13  [ 

2 

15 

]  Q10 

014  t 

3 

14 

]  Q8 

Q6  [ 

4 

13 

]  Q9 

05  [ 

5 

12 

1  Reset 

Q7  [ 

6 

11 

1  Clock 

Q4  [ 

7 

10 

1  Out  1 

VSS  I 

8 

9 

]  Out  2 

Out  2 
90  

Out  1 
100  

Clock 
110  


120- 


LOGIC  DIAGRAM 


04 

9  7 


£^J-D>IH>-rl>~n 


-0~O-[> 


C  0 
FJ 


O 


C  Q 


O 


05 

Tr 


012 
9  1 


<  C  Q 


CR° 


013 

O  2 


C  Q 


CR5 
O 


i-iT 

c  qI— l 


CR° 


06  =  Pin  4  OB  =  Pin  14  Q10  =  Pin  15   VDD  =  Pm  16 

07  =  Pin  6  Q9  =  Pin  13  Vgg  =  Pin  8 
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MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.S  (o  +18.0 

V 

Vin-  V0ut 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  IoVod  +0.5 

V 

'in'  lout 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±10 

mA 

PD 

Power  Dissipation,  per  Package* 

500 

mW 

T»'f) 

Storage  Tomporature 

-85  to  +150 

•c 

TL 

Lead  Temperature  (a-Second  Soldering) 

260 

•C 

'Maximum  Ratings  are  those  vsIubs  beyond  which  damage  to  the  device  may  occur. 
tTemperalure  Derating:  Plastic  "P"  Package:  -  12mWV*C  from  65"C  to  85BC 

Ceramic  "L"  Package:  -12mW/*C  Irom  100'C  to  125*C 


This  device  contains  protection  cir- 
cuitry to  guard  against  damage  due 
to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  ot  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  cir- 
cuit. For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  Vss  «  (V|„  or  Vout)  <s  VDD. 
Unused  Inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  Vss  or  VDD)-  Unused 
outputs  must  be  left  open. 


ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


Characteristic 

Symbol 

vdd 

V 

Tie 

IW* 

25°C 

Thl 

Unit 

Mln 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Output  Voltage                 "0"  Level 
Vln  =  VDDor0 

"1"  Level 

Vjn  =  0  or  Vqd 

v0L 

5.0 
10 
15 

0.05 
0.05 
0.05 

- 

0 
0 
0 

0.05 
0.05 
0.05 

0.05 
0.05 
0.05 

V 

voh 

5.0 
10 
15 

4.95 
9.95 
14.95 

4.95 
9.95 
14.95 

5.0 
10 
15 

4.95 
9.95 
14.95 

V 

Input  Voltage                   "0"  Level 
(Vo  =  4.5  or  0.5  V) 
(Vo  =  9.0  or  1.0  V) 
(Vq  =  13  5  or  1.5  V) 
(Vq  =  0.5  or  4.5  V)         "1 "  Level 
(Vq  =  1.0  or  9.0  V) 
(Vo  =  1 .5  or  13.5  V) 

VlL 

5.0 
10 
15 

1.5 
3.0 
4.0 

2.25 
4.50 
6.75 

1.5 
3.0 
4.0 

1.5 
3.0 
4.0 

V 

ViH 

5.0 
10 
15 

3.5 
7.0 
11.0 

3.5 
7.0 
11.0 

2.75 
5.50 
8.25 

— 

3.5 
7.0 
1 1 .0 

V 

Input  Voltage                   "0"  Level 
(Vq  =  4.5  Vdc)          (For  Input  1 1 
(Vo  =  9.0  Vdc)        and  Output  10) 
(V0  =  13.5  Vdc) 

(Vo  =  0.5  Vdc)             »i"  Level 
(Vq  =  1.0  Vdc) 
(Vo  =  1.5  Vdc) 

VlL 

5.0 
10 
15 



1.0 
2.0 
2.S 

- 

2.25 
4.50 
6.75 

1.0 
2.0 
2.5 



— 

1.0 
2.0 
2.5 

Vdc 

V|H 

5.0 
10 
15 

4.0 
8.0 
12.5 



4.0 
8.0 
12.5 

2.75 
5.50 
8.25 

4.0 
8.0 
12.5 



Vdc 

Output  Drive  Current  (AL  Device) 
(Voh  =  2.5  V)     (Except  Source 
(Vqh  =  4.6  V)  Pins  9  and  10) 
(Voh  =  95  V) 

(v0H  =  13.5  V) 

(Vql  =  04  V)  Sink 

(Vol  =  o.5V) 
(Vol  =  i.5V) 

'OH 

5.0 
5.0 
10 
15 

-3.0 
-0.64 
-1.6 
-4.2 

- 

-2.4 
-0.51 
-1.3 
-3.4 

-4.2 
-0.88 
-2.25 

-8.8 

-1.7 
-0.36 
-  0.9 
-2.4 



mA 

lOL 

5.0 
10 
15 

0.64 
1.6 
4.2 

0.51 
1.3 
3.4 

0.88 
2.25 
8.8 

0.36 
0.9 
2.4 

mA 

Output  Drive  Current  (CL/CP  Device) 
(Voh  "  2.5  V)      (Except  Source 
<V0H  =  4.6  V)  Pins  9  and  10) 
(V0H  =  96  V) 
(Vqh  =  13  5  V) 

(Vol  =  0.4  V)  Sink 

(Vol  =  0.5  v) 
(Vol  =  i.sv) 

•OH 

5.0 
5.0 
10 
15 

-2.5 
-0.52 
-1.3 
-3.6 

-2.1 
-0.44 
-1.1 
-3.0 

-4.2 
-0.88 
-2.25 

-8.8 

-1.7 
-0.36 
-0.9 
-2.4 

mA 

lOL 

5.0 
10 
15 

0.52 
1.3 
3.6 

0.44 
1.1 
3.0 

0.88 
2.25 
8.8 

0.36 
0.9 
2.4 

mA 

Input  Current  (AL  Device) 

•in 

15 

±0.1 

±0.0001 

±0.1 

+  1.0 

mA 

Input  Current  (CL/CP  Device) 

■in 

15 

+.0.3 

±0.0001 

±0.3 

±1.0 

mA 

Input  Capacitance 
Mn  =  0) 

Cin 

5.0 

7.5 

pF 

Quiescent  Current  (AL  Device) 
(Per  Package) 

<DD 

5.0 
10 
15 

5.0 
10 
20 

0.005 
0.010 
0.015 

5.0 
10 
20 

150 
300 
600 

mA 

Quiescent  Current  (CL/CP  Device) 
(Per  Package) 

IDD 

5.0 
10 
15 

20 
40 
80 

0.005 
0.010 
0.015 

20 
40 
80 

150 
300 
600 

fA 

Total  Supply  Current" 
(Dynamic  plus  Quiescent. 

Per  Package) 
(Cl  =  50  pF  on  all  outputs, 

all  buffers  switching) 

it 

5.0 
10 
15 

IT  =  (0.25  uA/kHz)  1  +  Idd 
Ij  =  (0.54  ,iA/kHz)  f  +  Idd 
IT  =  (0.85  uA/kHz)  1  +  Idd 

'Tlow-  -55'Clor  AL  Dovlco.  -40"C  for  CL/CP  Dovlco.  #Data  lotullod  "Typ"  Is  not  10  Doused  tor  design  purposos  but  1» 

Thlrjh-  +  125*Cfor  AL  Dovlco.  +  B5-C  lor  CL/CP  Dovlco.  Inlonooo  0»  an  Indication  ol  the  IC's  potential  performance. 


"Tho  formulas  G'von  ero  for  tha  typical  characteristics  only  at  2S"C. 
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SWITCHING  CHARACTERISTICS  (CL.50pF,  TA°2S°C) 


CtwactaiUtli 

Symbol 

voo 

Vdc 

Min 

Typ  # 

Max 

Unit 

50 



40 

200 

Output  Rise  Time  (Counter  Outputsl 

•TLH 

10 



25 

100 

ns 

15 

— 

20 

80 

50 



50 

200 

Output  Fall  Time  (Counter  Outputs) 

'THL 

10 



30 

100 

ns 

15 

— 

20 

80 

Propagation  Delay  Time 

5.0 



415 

740 

Clock  to  04 

*PLH 

10 



175 

300 

ns 

'PHI 

15 



125 

200 

Clock  to  Q14 

5.0 

1.5 

2  7 

10 

0.7 

1.3 

ftS 

15 

_ 

04 

1.0 

5.0 

100 

65 



Clock  Pulse  Width 

<wH 

10 

40 

X 



ns 

15 

30 

20 

5.0 

5 

35 

Clock  Pulse  Frequency 

•* 

10 

— 

14 

B 

MHz 

15 

17 

12 

'TLH 

50 

Clock  Rise  and  Fall  Time 

10 

No  Limit 

ns 

'THL 

15 

5.0 

120 

40 

Reset  Pulse  Width 

<w 

10 

60 

15 

ns 

15 

40 

10 

Propagation  Delay  Time 
Reset  to  On 

'PHL 

5.0 
10 

170 
80 

360 
160 

ns 

15 

60 

100 

#Data  lobolEod  "Typ"  Is  not  to  bo  usod  for  daslgn  purposes  but  Is 
Inlendod  as  an  indication  ol  tho  ICS  potential  performance. 


FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT  FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 

AND  WAVEFORM  AND  WAVEFORMS 
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FIGURE  3  -  OSCILLATOR  CIRCUIT  USING  RC  CONFIGURATION 


Clock  11  . 


Reset 


-O — HI 


'  10   Out  1 


9    Out  2 


l< 


2  3  R,CC,C 


il  IkHz  S  I  s  100  kHz 

and  2Rte  <  Rs  <  10R)C 

II  in  Hz.  R  tn  ohms,  C  tn  farads) 

The  formuel  may  vary  for  othor  frequencie8.  Recommended 
maximum  value  for  the  reatslore  f8  1  Mfl. 


TYPICAL  RC  OSCILLATOR  CHARACTERISTICS 
FIGURE  4  —  RC  OSCILLATOR  STABILITY 


0  25  50  75 
T»,  AMBIENT  TEMPERATURE  I'D 


FIGURE  5  —  RC  OSCILLATOR  FREQUENCY  AS  A 
FUNCTION  OF  RTc  AND  C 


1.0  k 

0.0001 


10  k  100  k 

Rtc.  resistance  iohmsi 

0.001  0.01 
C.  CAPACITANCE  (|<F) 


1.0  M 

0.1 


FIGURE  7  -  TYPICAL  DATA  FOR  CRYSTAL  OSCILLATOR  CIRCUIT 


FIGURE  6  -  TYPICAL  CRYSTAL  OSCILLATOR  CIRCUIT 
Clock 


reset) — I 


18M 


R0 

1 — .01 — T — 


10  Out  1 


9   Qui  2 


Characteristic 

500  kHz 
Circuit 

32  kHz 

Circuit 

Unit 

Crystal  Characteristics 

Resonani  Frequency 

500 

32 

kH; 

Equivalent  Resistance.  Rs 

10 

6.2 

kQ 

External  Resistor/ Capacitor  Values 

Ro 

47 

750 

kQ 

Ct 

82 

B2 

pF 

Cs 

20 

20 

PF 

Frequency  Stability 

Frequency  Changes  as  a  Function 

ofVQD  ITa  =  25°C) 

VrjD  Change  from  5.0  V  to  10  V 

+  6  0 

+  2.0 

PPm 

VqD  Change  from  10  V  to  15  V 

+  2.0 

+  2.0 

ppm 

Frequency  Change  as  a  Function 

of  Temperature  1  Vrjrj  =  10  V> 

T a  Change  from  -  55°C  to  +  25"C 

Complete  Oscillator' 

+  100 

+  120 

Ppm 

T^  Change  from  +  25"C  lo  +  I25°C 

Complete  Oscillator* 

-160 

-560 

ppm 

'Complete  osctllaior  includes  crystal,  capacitors,  and  resistors 
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QUAD  ANALOG  SWITCH/QUAD  MULTIPLEXER 

The  MC14066B  consists  of  four  independent  switches  capable  of 
controlling  either  digital  or  analog  signals.  This  quad  bilateral  switch 
is  useful  in  signal  gating,  chopper,  modulator,  demodulator  and 
CMOS  logic  implementation. 

The  MC14066B  is  designed  to  be  pin-for-pin  compatible  with  the 
MC14016B,  but  has  much  lower  ON  resistance.  Input  voltage  swings 
as  large  as  the  full  supply  voltage  can  be  controlled  via  each  inde- 
pendent control  input. 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Linearized  Transfer  Characteristics 

•  Low  Noise  -  1 2  nVA/  Cycle,  f  >  1  kHz  typical 

•  Pin-for-Pin  Replacement  for  CD4016,  CD4066,  MC14016B 

•  For  Lower  Ron.  Use  The  HC4066  High-Speed  CMOS  Device 


MAXIMUM  RATINGS*  (Voltages  Relerenced  lo  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDD 

DC  Supply  Voltage 

-0.5  to  -  18.0 

V 

V,„.  vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  VDD  +0.5 

V 

■in 

Input  Current  (DC  or  Transiont).  per  Control  Pin 

-  10 

mA 

'sw 

Switch  Through  Current 

=  25 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

Tstq 

Storage  Tomporature 

-  65  to  •  1 50 

■c 

TL 

Load  Temperature  (8-Socond  Soldering) 

260 

X 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperaturo  Derating:  Plaslic  "P"  Package:  -  12mW7DC  Irom  65nC  to  B5"C 

Ceramic  "L"  Package:  -  12mW/°C  from  100'C  to  125CC 


CIRCUIT  SCHEMATIC 
IW  OF  DEVICE  SHOWN] 


T 


1 


Vdo  1  VOD  1 

~|  $J  -| 


■  •■oil 


MC140B6B 


CMOS  SSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

QUAD  ANALOG  SWITCH 
QUAD  MULTIPLEXER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  632 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  646 


ORDERING  INFORMATION 

A  Series:  -  55*C  to  +  125*C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Serios:  -40*Cto  +85°C 

MC14XXXBCP  (Plastic  Package) 
MCI4XXXBCL  (Ceramic  Package) 


COOKOt  1  If*  

I 

In  t  r> 

5 

Control  I  O- 
4 


BLOCK 
DIAGRAM 


Control:) 


In  3  I 


13 


VOD  ■  P,n  14 

VS5  -  Pin  1 


LOGIC  DIAGRAM  AND  TRUTH  TABLE 

(1/4  OF  DEVICE  SHOWN) 


Control 

Switch 

o  vss 

OFF 

1  VDD 

ON 

Logic  Diagram  Beiltictions 

vSS  sv,„  SvDO 

VSS    <vout  *vOO 
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ELECTRICAL  CHARACTERISTICS 


Tlow* 

25>C 

Thigh* 

|  Characteristic 

Symbol 

VOD 

Tot  Conditions 

Kin  |  Max 

Mln  |   Typ#  |  Mai 

Mln  |  Maa 

Unit 

SUPPLY  REQUIREMENTS  (Voltages  Referenced  to  Vss) 


Power  Supply  Voltage 

vDD 

— 

3 

18 

3 

18 

3 

18 

V 

Range 

Oulescent  Current  Per 

bo 

5 

Control  Inputs:  V|n  -  V33  or  Vqq, 

0.25 

0.005 

0.25 

7.5 

nA 

Package  (AL  Device) 

10 

Switch  I/O:  Vss  *  vIZO  *  VDD. 

0.50 

0.010 

0.50 

15 

15 

and  AV3vv|tcri  <  500  mV" 

1.00 

0015 

t.00 

30 

Quiescent  Current  Per 

IqD 

5 

Control  Inputs:  V|n  =  Vss  or  Vqq, 

1.0 

0.005 

t.O 

7.5 

uA 

Package  (CL/CP  Device) 

10 

Switch  I/O:  VSS  <  V|,0  «:  Vqq, 

2.0 

0.010 

2.0 

15 

15 

and  AV>w|ten  <  500  mV" 

4.0 

0.015 

4.0 

30 

Total  Supply  Current 

'D(AV) 

5 

-  25'C  only 

(0.07  |iA/kHz)l  + 

'dd 

uA 

(Dynamic  Plus  QuioBcent, 

10 

(The  channel  component, 

Typical 

(0.20  |iA/kHz)f  * 

'DD 

Per  Package) 

15 

<vln-vout>"W  '»  "ol 

(0  36  uA/kHz)l  + 

I  DO 

included.) 

CONTROL  INPUTS  (VoltageB  Referenced  to  Vss) 


Low-Level  input  Voltage 

Vil 

5 
10 
15 

Ron  *  per  spec, 
■oil  -  P°'  «P6C 

15 
3.0 
4  0 

2.25 
4.50 
675 

1.5 
30 
4  0 

1.5 
30 
4  0 

V 

High-Lovel  Input  Voltage 

V|H 

5 
10 
15 

"on  -  P8' SP°C. 
l0ll  -  Per  spec 

35 
7.0 
11.0 

35 
7.0 
11.0 

2.75 
5.50 
8.25 

35 

7.0 
11.0 

V 

input  Leakage  Current 
(AL  Device) 

'm 

IS 

Vlrl  -  0  or  Vqq 

10.1 

-0.00001 

±0.1 

±10 

uA 

Input  Leakage  Current 
(CUCP  Device) 

•in 

IS 

Vj„  -  0  or  Vqq 

±0.3 

±0.00001 

±0  3 

±10 

HA 

Input  Capacitance 

Cm 

5.0 

75 

pF 

SWITCHES  IN  AND  OUT  (Voltages  Referenced  to  VSs> 

Recommended  Peak-to* 
Peak  Voltage  Into  or 
Out  of  the  Switch 

V|/0 

Channel  On  or  Oil 

0 

VDD 

0 

VQD 

0 

VDD 

Vp.p 

Recommended  Static  or 
Dynamic  Voltage  Across 
the  Switch**  (Figure  1 ) 

4Vswitch 

Channel  On 

0 

600 

0 

600 

0 

300 

mV 

Output  Offset  Voltago 

V00 

V|„  -  0  V,  No  load 

10 

nV 

ON  Resistance 
(AL  Device) 

Hon 

5 
10 
15 

4vswllch  *  SO"  mV". 
V|„  -  V|L  or  V|H  (Control), 
and  V|„  -  0  to  Vqq  (Switch) 

800 
400 
220 

250 
120 
80 

1050 
500 
260 

1300 
550 
320 

n 

ON  Resistance 
(CL/CP  Device) 

Ron 

5 
10 
15 

avswitch  «  500  mV«, 
V|n  -  V|L  or  V|H  (Control), 
and  V,n  -  0  to  Vqq  (Swilchl 

8B0 
450 
250 

250 
120 
80 

1050 
500 
280 

1200 
520 
300 

n 

A  ON  Resistance  Between 
Any  Two  Channels 
in  the  Same  Package 

aflon 

5 
10 
15 

70 
50 
45 

25 
10 
10 

70 
SO 
45 

135 
95 
65 

n 

Off-Channel  Leakage 
Current  (AL  Oevice) 
(Figure  6) 

'oil 

15 

Vin  "  V|L  or  V|H  (Conlrol) 
Channel  10  Channel  or 
Any  One  Channel 

±100 

±0.05 

±100 

±1000 

nA 

OfNChannel  Leakage 
Current  (CL/CP  Device) 
(Figure  6) 

loll 

15 

V|n  "  V|L  or  V1H  (Control) 
Channel  to  Channel  or 
Any  One  Channel 

±300 

±0.05 

±300 

±  1000 

nA 

Capacitance,  Switch  I/O 

C|/0 

Switch  Oil 

10 

15 

pF 

Capacitance,  Foodthrough 
(Switch  Off) 

C|/o 

0  47 

pF 

*  Tlow  "  -55*C  for  AL  Device.  -  40*  for  CL/CP  Device. 
Thigh  "  +  '25*C  for  AL  Device.  +85*C  for  CL/CP  Dovice. 

#  Data  labeled  "Typ"  is  not  to  be  used  for  design  purposes,  but  is  intended  as  an  indication  of  the  IC's  potential  performance. 

••For  voltage  drops  across  the  switch  (AVswj)en)  >600  mV  (>300  mV  at  high  temperature),  excessive  Vqq  current  may  be  drawn:  i.e.  the  current 
out  of  the  switch  may  contain  both  Vqq  and  switch  input  components.  The  reliability  of  the  device  will  be  unaffected  unless  the  Maximum  Rat- 
ings  are  exceedod.  (See  lirst  page  of  this  data  sheet.) 
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ELECTRICAL  CHARACTERISTICS*  (CL-50  pF.  TA-25'C  unless  otherwise  noted.) 


Characteristic 

Symbol 

VDD 
Vdc 

Mln 

Typ# 

Max 

Unit 

Propagation  D6lay  Timos                           Vss—O  Vdc 
Input  to  Output  (Rl-  10  kn) 

'PLH,  tpHL-(0.17  ns/pF)  CL+  15.5  ns 

'PLH,  tpHL  -  (0  08  ns/pF)  Cl  +  6.0  ns 

'PLH,  tpnL  -  (0.06  ns/pF)  CL  +  4.0  n3 
Control  to  Output  (R|.«  1  kn)  (Figure  2) 

Output  "1"  to  High  Impedance 

'PLH.  'PHL 

5.0 
10 
16 

- 

— 

20 
10 

7.0 

40 
20 
15 

ns 

'PHZ 

5.0 
10 
15 

- 

40 

35 
30 

60 
70 
60 

ns 

Output  "0"  to  High  Impedance 

IPLZ 

5.0 
10 
15 

- 

40 

35 
30 

SO 
70 
60 

ns 

High  Impedance  to  Output  "1" 

'PZH 

5.0 
10 
15 

- 

60 
20 
15 

120 
40 
30 

ns 

High  Impedance  to  Output  "0" 

'PZL 

5.0 
10 
15 

- 

60 
20 
15 

120 
40 
30 

ns 

Second  Harmonic  Distortion                         Vgs  -  -  5  Vdc 
(vln  =  1.77  Vdc,  RMS  Centered  @  0.0  Vdc. 
RL=  10  kn.  1-1.0  kHz) 

- 

5.0 

- 

0.1 

- 

% 

Bandwidth  (Switch  ON)  (Figure  3)                 vss  =  -  5  Vdc 

— 

5.0 

— 

65 

— 

MHz 

vout 

(RL-  1  Ml.  20  Log         -  -r3dB.  CL-50  pF.  V|„-5  Vp.p) 
vin 

Feedthrough  Attenuation  (Switch  OFF)             Vss=  -5  Vde 
(Vin  -  *  Vp.p.  RL  -  1  Ml.  I|n  -  1.0  MHz)  (Figure  3) 

5.0 

-50 

dB 

Channel  Separation  (Figure  4)                         V§§  =  —  5  Vdc 
(Yin-  5  Vp.p.  RL-1  Ml.  lm-8.0  MHz) 
(Switch  A  ON,  Switch  B  OFF) 

5.0 

-50 

dB 

Crosstalk.  Control  Input  to  Signal  Output  (Ftguro  5) 

Vss=-5Vdc 

(Rl  -  1  kll.  Rl  -  10  kn.  Control  IjLH  ■  'THL  "  20  ns) 

5.0 

300 

mVp.p 

"Tno  formulas  glvon  are  for  tho  typical  characteristics  only  at  25*0. 
#Data  labolted  "Typ"  Is  not  to  bo  usod  tor  doslgn  purposes  but  Is 
Intondod  as  an  Indication  of  tho  EC's  potontlal  porformanco. 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  bo  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  circuit.  For 
proper  operation.  Vjn  and  VOU|  should  be 
constrained  to  the  range  Vss  *  (vln  °' 
Vout)  «  VDD* 

Unused  Inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vqq).  Unused  outputs  must  be  left  open. 


PIN  ASSIGNMENT 


m  1  VDO 
Out  1  Control  1 
Out  2  Control  4 
In  2  In  4 

Control  2  Out  4 
Control  3  Out  3 
Vgs  ln  3 


)  14 

I  13 
J  12 
]  11 
]  10 
39 
IB 
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TEST  CIRCUITS 


FIGURE  2  —  TURN-ON  DELAY  TIME  TEST  CIRCUIT 
FIGURE  1  —  AV  ACROSS  SWITCH  AND  WAVEFORMS 


Control 
Section 
□I  IC 


FEEDTHROUGH  ATTENUATION 


FIGURE  6  -  CROSSTALK, 

CONTROL  TO  OUTPUT  FIGURE  6  —  OFF  CHANNEL  LEAKAGE 
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FIGURE  7  -  CHANNEL  RESISTANCE  <R0N>  TEST  CIRCUIT 


K.lttil.y  160 

Digital 
Multlmattr 


TYPICAL  RESISTANCE  CHARACTERISTICS 


FIGURE  8  -  VDD  -  7JS  V.  Vfg  -  -7.5  V 


350 

100 
250 

200 
150 
IK 

50 
0 

Ta- 

12S°C 



 25°C 

=Zl  

-3 

■10     -8.0     -60    JO    -2.0      0      0.2  4fl 
Vi„.  INPUT  VOLTAGE  (VOITSI 


6.0     SO  10 


FIGURE  9  -  VDD  *  S-°  V.  Vss  ■  -6-0  V 


350 
300 

i  250 

i 

:  200 


u  150 

> 

ae 
o 

■E  JO 

0 


^T 

t  -  I2S« 

C  

5"-25°C — 

-^-5S»C 

-h 

-10 


-80     -6.0     -40    -2.0      0      2.0  »0 
Vi„.  INPUT  VOLTAGE  (VOITSI 


SO     S.0  10 


FIGURE  10  -  VD|>  -  2S  V.  Vss  -  -2S  V  FIGURE  11  -  COMPARISON  AT  2S°C.  VOD  -  -Vss 


-10    -8.0     -6JJ     -4.0     -2.0     0      2.0     4.0      BO     ta     10  -10     -8.0     -6D   -4.0     -2.0      0      IB     tj)      SO      10  10 

Vb.  INPUT  VOLTAGE  IV0LTS1  Via.  INPUT  VOLTAGE  (VOLTS) 
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APPLICATIONS  INFORMATION 


Figure  A  illustrates  use  of  the  Analog  Switch.  The 
0-to-5  volt  digital  control  signal  is  used  to  directly  con- 
trol a  5  volt  peak-to-peak  analog  signal. 

The  digital  control  logic  levels  are  determined  by 
Vqq  and  Vss<  The  Vqq  voltage  is  the  logic  high  volt- 
age; the  Vss  voltage  is  logic  low.  For  the  example, 
Vqq  =  +5  V  =  logic  high  at  the  control  inputs;  Vss 
=  GND  =  0  V  =  logic  low. 

The  maximum  analog  signal  level  is  determined  by  Vqd  and 
VSS-  The  analog  voltage  must  not  swing  higher  than  Vqq  or 
lower  than  Vss- 


The  example  shows  a  5  volt  peak-to-peak  signal 
which  allows  no  margin  at  either  peak.  If  voltage 
transients  above  Vqq  and/or  below  Vss  are  antici- 
pated on  the  analog  channels,  external  diodes  (Dx) 
are  recommended  as  shown  in  Figure  B.  These  di- 
odes should  be  small  signal  types  able  to  absorb  the 
maximum  anticipated  current  surges  during  clipping. 

The  absolute  maximum  potential  difference  be- 
tween Vqq  and  Vss  ls  18  0  volts.  Most  parameters 
are  specified  up  to  15  volts  which  is  the  recommended 
maximum  difference  between  Vqq  and  Vss- 


FIGURE  A  —  APPLICATION  EXAMPLE 


FIGURE  B  —  EXTERNAL  GERMANIUM  OR  SCKOTTKY  CLIPPING  DIODES 


6-145 


® 


MOTOROLA 


ANALOG  MULTIPLEXERS/ DEMULTIPLEXERS 

The  MC14067  and  MC14097  multiplexers/demultiplexers  are  digitally 
controlled  analog  switches  featuring  low  ON  resistance  and  very  low  leak- 
age current.  These  devices  can  be  used  in  either  digital  or  analog 
applications. 

The  MC14067  is  a  16-channel  multiplexer/demultiplexer  with  an  inhibit 
and  lour  binary  control  inputs  A,  B,  C,  and  D.  These  control  inputs  select 
1-oM6  channels  by  turning  ON  the  appropriate  analog  switch  (see 
MC14067  truth  table.) 

The  MC14097  is  a  differential  8-channel  multiplexer/demultiplexer  with 
an  inhibit  and  three  binary  control  inputs  A.  B,  and  C.  These  control  inputs 
select  1  of  8  pairs  of  channels  by  turning  ON  the  appropriate  analog 
switches  (see  MC14097  truth  table). 


•  Low  OFF  Leakage  Current 

•  Matched  Channel  Resistance 

•  Low  Quiescent  Power  Consumption 
a  Low  Crosstalk  Between  Channels 

■  Wide  Operating  Voltage  Range:  3  to  18  V 

•  Low  Noise 

a  Pin  for  Pin  Replacement  for  CD4067B  and  CD4097B 


MC14067B 
MC14097B 


CMOS 

(LOW-POWER  COMPLEMENTARY  MOS) 


ANALOG  MULTIPLEXERS/ 
DEMULTIPLEXERS 


L  SUFFIX 
CFRAMIC  PACKAGE 
CASE  623 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  709 


ORDERING  INFORMATION 

A  Series:  -55*Clo  -t-125*C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40*C  to  +85'C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


MC14067B 
16-Channet  Analog 
Multiplexer/ Demultiplexer 


MC14097B 
Dual  8-Channel  Analog 
Multiplexer/ Demultiplexer 


Controls  1 


Switches  ^ 
In/Out  % 


15  

Inhibit 

to  — 

11   

14  

A 
B 

C 

13  

>9  — 

D 

XO 

8  

XI 

X2 

6  

X3 

5  

X4 

4  

X5 

3  

X6 

2  

X7 

23  

X8 

22  

X9 

21  

X10 

20  

XII 

19  

X12 

18  

X13 

17  

X14 

L'6— 

X15 

Controls 


Common 
Out/In 


Switches  s 
In/Out  <- 


V[)Q  =  Pin  24 
VSS  =  Pin  12 


7- 
6- 
5- 
4- 

3- 
2- 
23- 
22- 
21  - 
20- 
19- 
18- 
5- 
.15- 


Inhibit 

A 

B 

C 

XO  " 

XI 

X2 

X3 
X4 

X 

X5 

X6 

X7 

YO 

Yl 

Y2 

Y3 
Y4 

Y 

Y5 

Y6 

Y7 

^  Commons 
Outyin 
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MAXIMUM  RATINGS*  (Voltages  Referencod  to  Vss) 


Syiribot 

Parameter 

Value 

Unit 

VDD 

DC  8upply  Voltago 

-0.S  to  +18.0 

V 

vln.  vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5to  VDD  +0.S 

V 

'in 

Input  Current  (DC  or  Transient),  per  Control  Pin 

±10 

mA 

'sw 

Switch  Through  Current 

-25 

mA 

pq 

Power  Dissipation,  per  Packaget 

500 

mW 

Tsto 

Storage  Temperature 

-6510  +150 

•c 

n. 

Lead  Temperature  (B-8ocond  Soldering) 

280 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemporature  Derating:  Plastic  "P"  Package:  -  12mW/*C  from  8S'C  to  85*C 

Ceramic  "L"  Package:  -  i2mW/*C  from  100*C  to  12S*C 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  bo  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  circuit.  For 
proper  operation,  V|„  and  Vout  should  be 
constrained  to  the  range  Vss  *  (vln  or 
Vout)  *  VDD. 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vdd)'  Unused  outputs  must  be  left  open. 


MC14067  TRUTH  TABLE 


MC14097  TRUTH  TABLE 


Control  Inputs 

Selected 

A 

B 

c 

D 

Inh 

Channel 

X 

X 

X 

X 

1 

None 

0 

0 

0 

0 

0 

XO 

1 

0 

0 

0 

0 

XI 

0 

1 

0 

0 

0 

X2 

1 

1 

0 

0 

0 

X3 

0 

0 

1 

0 

0 

X4 

1 

0 

1 

0 

0 

X5 

0 

1 

1 

0 

0 

xe 

1 

1 

1 

0 

0 

X7 

0 

0 

0 

0 

X8 

1 

0 

0 

0 

X9 

0 

1 

0 

0 

X10 

1 

1 

0 

0 

Xf1 

0 

0 

1 

0 

X12 

1 

0 

1 

0 

X13 

0 

1 

1 

0 

X14 

1 

1 

1 

0 

X1S 

Control  (nputs 

Selected 

A 

B 

c 

Inh 

Channels 

X 

X 

X 

1 

None 

0 

0 

0 

0 

XO  YO 

1 

0 

0 

0 

XI  Y1 

0 

1 

0 

0 

X2  Y2 

1 

1 

0 

0 

X3  Y3 

0 

0 

1 

0 

X4  Y4 

1 

0 

1 

0 

X5  Y5 

0 

1 

1 

0 

X6  Y6 

1 

1 

1 

0 

X7  Y7 

X  =  Don't  Care 


MC14067  FUNCTIONAL  DIAGRAM 


MC14097  FUNCTIONAL  DIAGRAM 


X 

In/Oul  < 


X0- 
XI  ■ 
X2  - 
X3  ■ 
X4  • 
X5  - 
X6  • 
X7- 
X8- 
X9- 
X10  - 
XII  - 
XI2  ■ 
X13  " 
Xt4- 
X15- 


3lt— 
A— 
B- 
C- 
0- 

1-0F-16  Decoder 

— 

> 

i 

 =3 

k- 

1 

9 

1 

1 

>~» 

1 

1 

1 

In/Out 


< 


X 

Out/In 


X0- 
XI- 
X2- 
X3- 
X4- 
X5- 


>: 


In/ Out 


•OF-8  Decoder 


X 

Out/ In 


Y 

'Out/In 
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ELECTRICAL  CHARACTERISTICS 


Tie 

rw* 

25*C 

Thigh* 

Characteristic 

Symbol 

VOD 

Tost  Conditions 

Mln 

Man 

Mln 

Typ# 

Mai 

Mln 

Mai 

Unit 

SUPPLY  REQUIREMENTS  (Voltages  Referenced  to  Vss) 

Power  Supply  Voltage 

v00 

3 

IS 

3 

18 

3 

18 

V 

Range 

Quiescent  Current  Per 

I  DO 

5 

Control  Inputs:  V|n  «>  Vgs or  VDD i 

5 

0.005 

5 

150 

nA 

Package  (AL  Device) 

10 

Switch  I/O:  VSS  <  Vv0  <  VDD, 

10 

0010 

10 

300 

15 

and  Avouch  «  500  rov« 

20 

0  015 

20 

600 

Quiescent  Current  Per 

'dd 

S 

Control  Inputs:  Vjn  -  Vss  or  VDD- 

20 

0.005 

20 

150 

vA 

Package  (CUCP  Device) 

10 

Switch  I/O:  Vf£6  «  V|,0  <  Vqq, 

40 

0.010 

40 

300 

15 

and  AVswj[cn  *  500  mV** 

60 

0015 

SO 

600 

Tolal  Supply  Curronl 

'D(av) 

S 

TA  -  25'C  only 

(0.07  |iA/kHz)l  + 

'DD 

|iA 

(Dynamic  Plus  Ouiescenl, 

10 

(The  channel  component, 

Typical 

(0.20  |iA/kHz)l  + 

'DD 

Per  Packago) 

15 

(Vin-vou|)'Hon.  '8  "01 

(0  36  |iA/kHz)l  + 

'DD 

included ) 

CONTROL  INPUTS  —  INHIBIT,  A,  B,  C,  D  (Voltages  Relerenced  to  Vss) 


Low-Level  Input  Voltage 

V|L 

5 
10 
15 

Hon  =  Pe'  spec, 
■olt  -  per  spec 

15 

3  0 

4  0 

2.25 
4  SO 
6.75 

15 
30 
4  0 

1.5 

3  0 

4  0 

V 

Kigh-Lcvol  Input  Vollage 

V|H 

5 
10 
IS 

R0n  -  Pe'  spec, 
'oil  "  P°r  SP°C 

35 
70 
110 

35 

7.0 
11.0 

2  75 
5.50 
8.25 

3.5 
7  0 
11.0 

V 

input  Leakage  Current 
(AL  Device) 

'in 

15 

V,n  -  0  or  VDD 

=  01 

±0  00001 

±0  1 

±10 

»A 

Input  Leakage  Curronl 
(CUCP  Device) 

lin 

15 

Vin  -  0  or  Vrjo 

±0  3 

±0  00001 

±0  3 

±1.0 

kA 

Input  Capacilanco 

Cin 

50 

7  5 

pF 

SWITCHES  IN/OUT  AND  COMMONS  OUT/IN  -  X,  V  (Voltages  Relerenced  lo  Vss) 

Recommended  Poak-to- 
Peak  Voltage  Into  or 
Out  of  the  Switch 

Vi/O 

Channel  On  or  Oil 

0 

VDD 

0 

VDD 

0 

VDD 

Vpp 

Recommended  Static  or 
Dynamic  Voltage  Across 
the  Switch"  (Figure  1) 

4Vswitch 

Channel  On 

0 

600 

0 

600 

0 

300 

mV 

Output  Ollsel  Vollage 

voo 

Vln  -  0  V.  No  load 

10 

uV 

ON  Resistance 
(AL  Device) 

^on 

5 
10 
15 

^switch  *  500  mV... 
vin  -  V|L  or  V|H  (Control), 
and  Vin  -  0  to  Vqq  (Switch) 

600 
400 
220 

250 
120 
80 

1050 
500 
280 

1300 
550 
320 

n 

ON  Resistance 
(CUCP  Device) 

Hon 

5 
10 
15 

4vswitCh  *  500  mV". 
vin  "  V|L  or  V|H  (Control), 
and  Vjn  -  0  to  VDD  (Switch) 

880 
450 
250 

250 
120 
80 

1050 
500 
260 

1200 
520 
300 

n 

A  ON  Resistance  Between 
Any  Two  Channels 
in  the  Same  Package 

AR0n 

5 
10 
IS 

70 
SO 
45 

25 
10 
10 

70 
50 
45 

135 
95 
65 

n 

Off-Channel  Leakage 
Current  (AL  Device) 
(Figure  2) 

'oil 

is 

V|n  -  V|L  or  V|H  (Control) 
Channel  to  Channel  or 
Any  One  Channel 

±100 

±0  05 

±  100 

±1000 

nA 

Off-Channol  Leakage 
Current  (CUCP  Device) 
(Figure  2) 

loll 

15 

Vin  -  V|L  or  VtH  (Control) 
Channel  10  Channel  or 
Any  One  Channel 

±300 

±0.05 

±300 

±1000 

nA 

Capacitance,  Switch  I/O 

Cl/O 

Inhibit  -  VDD 

10 

pF 

Capacitance,  Common  O/l 

Co/I 

Inhibit  -  V0D  (MC14067B) 
(MC14097B) 

100 
60 

pF 

Capacitance,  Feedthrough 
(Channel  Ofl) 

C|/0 

Pins-Not  Adjacent 
Pins  Adjacent 

0.15 
0.47 

pF 

*  Tlow  -  -55"C  for  AL  Device.  -40*  lor  CUCP  Device. 
Thigh  "  +  125'C  for  AL  Device,  +85*C  for  CL/CP  Device. 

#  Data  labeled  "Typ"  is  not  lo  be  used  lor  design  purposes,  but  is  intended  as  an  indication  of  the  IC's  potential  performance. 

**For  voltage  drops  across  the  switch  (AVSVW|tcn)  >60O  mV  (>300  mV  at  high  temperature),  excessive  Vqo  current  may  be  drawn;  i.e.  the  current 
oul  of  the  switch  may  contain  both  Vqq  and  switch  input  components.  The  reliability  of  the  device  will  be  unaffected  unless  the  Maximum  Hat- 
ings  are  exceeded  (See  second  page  of  this  data  sheet.) 
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ELECTRICAL  CHARACTERISTICS  (CL-50  pF,  TA=»25'C) 


Characteristic 

Symbol 

vdd-vss 

Vde 

Typ  # 

Max 

Unit 

Propagation  Delay  Times 
Channel  Input-to-Channel  Output  (Rj_-200kn) 
MC14067B 

'PLH.  tpHL 
(Figure  3) 

5.0 
10 
15 

35 
15 
12 

90 
40 
30 

ns 

MC14097B 

5.0 
10 
15 

25 
10 
7 

85 
25 
18 

ns 

Control  Input -to-Channet  Output 
Channel  Turn-On  Time  (R|_-10  kft) 
MC14067B/097B 

'PZH.  'PZL 
(Figure  4) 

5.0 
10 
15 

240 
115 
75 

800 
290 
ISO 

ns 

Channel  Turn-Off  Time  (R|_-300  kfl) 
MC14067B/097B 

'PHZ- 'PLZ 
(Figure  4) 

5.0 
10 
15 

250 
120 
75 

825 
300 
190 

ns 

Any  Pair  of  Address  Inputs  to  Output 
MC14067B 

tpLHt  IpHL 

5.0 
10 
15 

280 
115 

85 

700 
290 
215 

ns 

MC14097B 

(Figure  10) 

5.0 
10 
15 

250 
100 
75 

825 
250 
190 

ns 

Second  Harmonic  Distortion 
(RL«10  kfl,  1=1  kHz,  V)n-5  Vp.p) 

10 

0.3 

% 

ON  Channel  Bandwidth 
[RL=  1  kfl.  VEn«  1/2(V[>D-V38)p.p(slne-wave)] 

BW 

MHz 

20  Logio  V°ut  ■  -3  dB  MC14067B 
Vln  MC14097B 

(Figure  5) 

10 
10 

15 
25 

- 

Oil  Channel  Feed  through  Attenuation 
[RL-  1  kO.  Vin-  1/2(VDD-v88)p.p(slno-wave)l 
(|n-20  WH2-MC14067B 
l|„-12  MHI-MC14097B 

(Figure  5) 

—  40 

ds 

Channel  Separation 
[RL-  1  Ml,  Vin-  1/2  <VDD- V88>  ...(sine-wave)] 
f|n-20MHz 

(Figure  6) 

10 

-40 

dB 

Crosstalk,  Control  lnputs*to*Common  O/l 
(R1  =  1k(l.  RL  =  10  kfl. 
Control  tr  =  t|  =20  ns.  Inhibit  -  Vgs) 

(Figure  7) 

10 

30 

mV 

#Data  labelled  "Typ"  Is  not  to  be  used  for  design  purposes  but  Is  intended  as  an  Indication  of  the  IC's  potential  performance. 
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FIGURE  1  —  AV  ACROSS  SWITCH 


FIGURE  2  —  OFF  CHANNEL  LEAKAGE 


ON  Switch 


Control 
Section 
ollC 


Oft  Channel  Under  Test 

f°  VDD 


vss 


3* 


Other  , 
Channels)  •  „  Vss 

 ■  tr' 

!  oVDD 


o  VDD 


MC14067B 
PIN  ASSIGNMENT 


MC14097B 
PIN  ASSIGNMENT 


x[ 

24 

]VDD 

x[ 

7~^~ 

24 

]V0D 

X7[ 

2 

23 

]X8 

X7[ 

2 

23 

]  Y0 

X6[ 

3 

22 

]X9 

X6[ 

3 

22 

]Y1 

xs[ 

4 

21 

]X10 

X5[ 

4 

21 

]Y2 

X4[ 

5 

20 

]X11 

X4[ 

5 

20 

]Y3 

X3[ 

6 

19 

]X12 

X3[ 

8 

19 

]Y4 

X2[ 

18 

]X13 

X2[ 

18 

]Y5 

X1[ 

8 

17 

]X14 

X1[ 

8 

17 

]Y 

X0[ 

9 

18 

]X15 

X0[ 

9 

16 

]  Y6 

A[ 

10 

15 

]  Inhibit 

AC 

10 

15 

]Y7 

B[ 

11 

14 

]c 

B[ 

11 

14 

]c 

vss[ 

12 

13 

]o 

vSsC 

12 

13 

]  Inhibit 
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FIGURE  3  —  PROPAGATION  DELAY  TEST  CIRCUIT 
AND  WAVEFORMS  V|„  to  V0ut 

V00 


-°  r&TTVou' 

•—  Inh  '  hl£;J;cl  =  5opf 


20ns-»H  M-       20ns-M  * 
oui  if  Tc50% 


VDD 

vss 


FIGURE  4  —  TURN-ON  AND  DELAY  TURN-OFF 
TEST  CIRCUIT  AND  WAVEFORMS 


/Vin_  >V» 

vDDvss  vssv00 


Vin  =  VDD 
Vx  =  VSS 

<PHZ.  IPLZ 

vin=vss 
vx=vDd 


FIGURE  5  —  BANDWIDTH  AND  OFF-CHANNEL 
FEEDTHROUGH  ATTENUATION 

A.  B.  and  C  inputs  used  to  turn  ON  or  OFF 
the  switch  under  test 


FIGURE  6  —  CHANNEL  SEPARATION 
(Adjacent  Channels  Used  for  Setup) 


VDD 


A 
B 
C 
D 

Inh 

1 

r 

— r—  v0UI 

jiz  Cl  =  S0  pF 


ON 


OFF 

n. 


~f~  vout 
^  CL  =  50pF 


FIGURE  7  - 


■  CROSSTALK.  CONTROL  TO 
COMMON  O/l 


VcJ~L  =l! 


ft 


X 


■  VOUl 

CL=50pF 
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MC14067B-MC14097B 


FIGURE  9  —  CHANNEL  RESISTANCE  (Ron)  TEST  CIRCUIT 


RGURE  10  —  PROPAGATION  DELAY, 
ANY  PAIR  OF  ADDRESS  INPUTS  to  OUTPUT 


VDD 


va  

vb- 


vss 


VDD 


Keithley  160 

Oigiial 
Multimeter 


1  kQ 

Range 


X-Y 
Plotter 


T 


38- 
3- 


1 


VDD 


Vb 


TYPICAL  RESISTANCE  CHARACTERISTICS 


FIGURE  11  —  Vdd  =  7.5  V,  VsS  =  "7.5  V 


RGURE  12  —  VDD  =  5.0  V,  Vss  =  -5.0  V 


350 
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2  250 
o 

K  200 

=  ISO 

is 
o 

'.  100 
a 

50 
0 
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_  600 
3 

§  500 

I  400 

£  300 

?  200 


Ta-i 

25°C_ 

— - 

 _25°C 

— 

5°C— 

-5 

1 

-8  0     -6.0     .4  0     -2  0      o      0.2  4.0 
V,„.  INPUT  VOLTAGE  (VOLTSI 


6.0      8.0  10 


350 
300 
250 
200 
150 
100 

i 

50 
0 


»  =  125 

C  

=^-T 

_  1 

1 

~-  -5 

5°C 

■  10  -80 


-6.0     -4.0    -2.0      0      2.0  4.0 
V,„.  INPUT  VOLTAGE  IVOLTSI 


60     SO  10 


FIGURE  13  —  Vdd  =  2.5  V,  Vss  =  -2.5  V 


FIGURE  14  —  COMPARISON  AT  25°C,  Vdd  =  ~  VSS 
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-6.0    -4.0     -2.0      0       2.0  4.0 
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MC14067B-MC14097B 


APPLICATIONS  INFORMATION 


Figure  A  illustrates  use  of  the  Analog  Multiplexer/ 
Demultiplexer.  The  0-to-5  volt  Digital  Control  signal  is 
used  to  directly  control  a  5  Vp.p  analog  signal. 

The  digital  control  logic  levels  are  determined  by 
Vqd  and  Vss-  The  Vdd  voltage  is  the  logic  high  volt- 
age; the  Vss  voltage  is  logic  low.  For  the  example, 
VDD  =  +5  V  =  logic  high  at  the  control  inputs;  Vss 
=  QND  =  0  V  =  logic  low. 

The  maximum  analog  signal  level  is  determined  by 
Vqd  and  Vss- Tho  analog  voltage  must  swing  neither 
higher  than  Vqd  nor  lower  than  Vss-  The  example 


shows  a  5  Vp.p  signal  which  allows  no  margin  at  ei- 
ther peak.  If  voltage  transients  above  Vdd  and/or  be- 
low Vss  are  anticipated  on  the  analog  channels, 
external  diodes  (Dx)  are  recommended  as  shown  in 
Figure  B.  These  diodes  should  be  small  signal  types 
able  to  absorb  the  maximum  anticipated  current 
surges  during  clipping. 

The  absolute  maximum  potential  difference  be- 
tween Vdd  and  Vss  is  18  0  volts.  Most  parameters 
are  specified  up  to  15  V  which  is  the  recommended 
maximum  difference  between  Vqd  and  Vss- 


FIGURE  A  —  APPLICATION  EXAMPLE 
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Analog  Signal 


FIGURE  B  —  EXTERNAL  GERMANIUM  OR  SCH0TTKY  CUPPING  DIODES 
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MOTOROLA 


HEX  INVERTER 

The  MC14069UB  hex  inverter  is  constructed  with  MOS  P-channel 
and  N-channel  enhancement  mode  devices  in  a  single  monolithic 
structure.  These  inverters  find  primary  use  where  low  power 
dissipation  and/or  high  noise  immunity  is  desired.  Each  of  the  six 
inverters  is  a  single  stage  to  minimize  propagation  delays. 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  ot  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Double  Diode  Protection  on  All  Inputs 

•  Pin  for  Pin  Replacement  for  CD4069UB 

•  Meets  JEDEC  UB  Specifications 


MAXIMUM  RATINGS*  (Vollagos  Roleronced  lo  Vssl 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  10  -  18  0 

V 

Vj-T  Vou| 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  Vrjrj  -  0  5 

V 

'irr  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

r  10 

IDA 

PD 

Power  Dissipation,  per  Packagot 

500 

mW 

Tstq 

Storage  Temperature 

-  65  to  -150 

•C 

T|_ 

Load  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
fTemporaturo  Derating:  Plastic  "P"  Package:  -  12mW/eC  from  65"C  lo  85°C 

Ceramic  "L"  Packago:  -12mW>-C  Irom  100'C  to  125eC 


CIRCUIT  SCHEMATIC 

[I^OFCIflCUITSHOWNl 


VDD.  Pin  14 
4     VSS  *  F*"  7 


MC14068B 


MC140G9UB 


CMOS  SSI 


(LOW  POWER  COMPLEMENTARY  MOSI 

HEX  INVERTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  63} 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  646 


ORDERING  INFORMATION 

A  Series:  -  55*C  10  +  125'C 

MC14XXXUBAL  (Ceramic  PackaflO  Only) 

C  Series  -40*cio  +  85'C 

MCI4XXXUBCP  (Plastic  Packago) 
MC14XXXUQCL  (Ceramic  Package) 


PIN  ASSIGNMENT 
 ~~J  


Vpo  =1  '* 
In  6  ^  13 


In  1 
Oul1 

n  3  Out  6tz)  H 

Out  2  In  SCZ)  1 1 

In3  — 

Out  3  l>4pg 

vss  Out4|zZlB 


HGUHt  1  -SW1TCHIHG  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


 I 

'PHL— -I 


S  on 

10% 


%  -90S 


'oh 


6-154 


MC14069UB 


ELECTRICAL  CHARACTERISTICS  (Voltages  Roforoncod  to  vss) 


I                             PK  , 

VOD 

Tlow* 

26°C 

Thigh' 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Unit 

Output  Voltage              "0"  Level 

VOL 

5.0 

— — 

0.05 

0 

0.05 

0.05 

Vdc 

Vin  =  vDD 

10 

0.05 

0 

o.os 

0.05 

15 

0.05 

0 

0.05 

0.05 

"1"  Level 

Vqh 

5.0 

4.95 

4.95 

5.0 

4.95 

Vdc 

Vin-0 

10 

n  or 

if  .vo 

9  95 

10 

9.95 

IS 

14  95 

14.95 

15 

14  95 

Input  Voltage                   "0"  Level 

VlL 

Vdc 

(V0-4£Vdcl 

SO 

— 

1.0 

2.26 

1.0 

IX) 

(V0-.9i)Vdel 

10 

"— 

2.0 

4.50 

2.0 

2.0 

<V0  -  13.6  Vde) 

16 

2.5 

6.75 

2.5 

2.5 

"V  Level 

V,H 

(Vo  ■  0.5  Vdc) 

S.O 

4  0 

4.0 

2.75 

4.0 

Vdc 

(Vo-1-OVdc) 

10 

8j0 

8.0 

5.50 

8.0 

(Vq  -1.5  Vdc) 

15 

12.5 

12.5 

8.25 



12.5 



Output  Drive  Current  (AL  Device) 

■OH 

mAdc 

IVoh  "  2.S  Vdc)  Source 

S.O 

-3  0 

-2  4 

-4.2 

(  7 

IV0H  -  4.6  Vdc) 

5.0 

-0.64 

-0.51 

-0.88 

-0  36 

(V0H  •  9.5  Vdc) 

10 

-1.6 

-1.3 

-2.25 

-0.9 

(V0H  ■  13.B  Vdc) 

IS 

-4.2 

-3.4 

-8.8 

-2.4 

(Vql  T  0.4  Vdc)  Sink 

'OL 

S.O 

0.64 

0.61 

0.88 

0.36 

mAdc 

ivql  •  0.5  vdc) 

10 

1.6 

1 J 

2.25 

0.9 

_ 

(V0L-  1.5  Vdc) 

IS 

4.2 



3.4 

8.8 



2.4 



Output  Drive  Current  ICL/CP  Device) 

>OH 

mAdc 

(VOH-2.5Vdc)  Source 

S.O 

-2.S 

_ 

-2.1 

-4.2 

— 

-1.7 

— 

IVqh  "  4.6  Vdc) 

S.O 

-0.52 

— 

-0.44 

-0.B8 

— 

-0.36 

— 

i\t  .  _  a  e  I/at*! 

IVQH  *  w.D  VOCJ 

10 

-1.3 

— 

-1.1 

-2.25 

— 

-0.9 

— 

15 

-3.6 

— 

-3.0 

-8.8 

— 

-2.4 

— 

(Vql  "  0.4  Vdc)  Sink 

'OL 

S.O 

0.52 

— 

0.44 

0.88 



0.36 

— 

mAdc 

IVql  ■  °-6  Vdc> 

10 

1.3 

— 

1.1 

2.25 

— 

0.9 

— 

IV/  —  .    H  J  C  V/Hr-l 

IS 

3.6 

— 

3.0 

8.8 

— 

2.4 

— 

input  Current  (AL  Device) 

■in 

15 

— 

10  1 

— 

1 0.00001 

10.1 

11.0 

M  c 

Input  Current  (CL/CP  Device) 

■in 

IS 



10  3 

10.00001 

103 

11.0 

tiAdc 

Input  Capacitance 

Cin 

— 

— 

— 

5  0 

7.5 

— 

pF 

IVjn  0) 

'DO 

5.0 

055 

0.0005 

0.26 

7.6 

MAdc 

IPer  Package) 

10 

0.50 

0.0010 

0.50 

15 

15 

1  DO 

0.0015 

1.00 

30 

Quiescent  Current  (CL/CP  Device) 

■dd 

S.O 

IjO 

0.0005 

1.0 

7.5 

^Adc 

(Per  Package) 

10 

2j0 

0.0010 

2.0 

15 

IS 

4X> 

0.0015 

4.0 

30 

Total  Supply  Current"! 

■t 

5.0 

iT-  M 

.3wA/kHz)f  ♦  Iqd'6 

MAdC 

(Dynamic  plut  Quiescent.  Per  Gete) 

10 

lT- (0.6MA/kHl)f  ♦  Idd/6 

(CL-50pF) 

IS 

lT-l0.9uA/kHi)f  +  l00m 

Output  Rise  end  Fall  Times*  * 

'TLH. 

ni 

(CL-60pF) 

'THL 

*TLH,  «THL  -  (1 .36  ns/pFI  CL  ♦  33  ns 

S.O 

100 

200 

!  TLH,  «THL  -  (0.60  ns/pF)  Ct_  ♦  20  ns 

10 

60 

100 

TLH,  THL  ■  (0.40  n«/pF)  Cl.  ♦  20  ni. 

16 

40 

80 

Propagation  Delay  Times*  * 

tPLH. 

ns 

(CL-S0pF) 

'PHL 

tpLH.VHL  "  '0.90  ns/pF)  Cj.  ♦  20  ns 

SO 

65 

125 

'fLH-VHL  "  '0.36  ns/pF)  C(.  ♦  22  ns 

10 

40 

75 

IPLH.tPHL  *  (0.26  ns/pF)  C|_  ♦  17  n» 

IS 

30 

SS 

'Tlow1"  -55'C  tor  AL  Oevico,  -40'C  for  CL/CP  Oovico.  t To  calculate  total  supply  current  at  loads  othor  then  50  pF: 

Thlgh"  +  125'C  tor  AL  Dovlco.  +  85'C  for  CL/CP  Dovlco. 

It(Cl)  -  lT<50pF)  *  ICl  -50)  Vlk 

#Data  labelled  "Typ"  Is  not  to  bo  used  for  design  purposos  but  ts 
intondod  as  an  Indication  of  Iho  tC's  potential  performance,  where:  lj  Is  tn  ixA  (por  package),  Cl  In  pF,  V  =  (Vqq  -  Vss) ,n  volts. 

t  In  kHz  Is  Input  troquoncy.  and  k  -  0.002. 

"Tho  formulas  given  are  for  tho  typical  characteristics  only  at  2S*C. 


lo  tho  range  Vss  *  (V|n  or  Voul)  «:  VDD. 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic 
voltage  level  (e.g.,  either  Vss  or  VDD>-  Unused  outputs  must  be 
left  open. 


This  device  contains  protection  circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  of  any  voltage 
higher  than  maximum  rated  voltages  to  this  high-impedance 
circuit.  For  proper  operation.  Vm  and  Voui  should  be  constrained 
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MOTOROLA 


CMOS  SSI 

QUAD  EXCLUSIVE  "OR"AND"NOR" GATES 

The  MC14070B  quad  exclusive  OR  gate  and  the  MC14077B  quad 
exclusive  NOR  gate  are  constructed  with  MOS  Pchannel  and 
N-channel  enhancement  mode  devices  in  a  single  monolithic 
structure.  These  complementary  MOS  logic  gates  find  primary  use 
where  low  power  dissipation  and/or  high  noise  immunity  is  desired. 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  All  Outputs  Buffered 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schotlky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Double  Diode  Protection  on  All  Inputs 

•  MC14070B  —  Replacement  for  CD4030B  and  CD4070B  Types 

•  MC14077B  -  Replacement  for  CD4077B  Type 


MAXIMUM  RATINGS"  (Voltages  Reforencod  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDD 

DC  Supply  Voltage 

-0  5  to  +  IB  0 

V 

v,n.  vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vqd  -  0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

I  10 

mA 

PD 

Powor  Dissipation,  por  Packagot 

500 

mW 

Tstq 

Storage  Tomporaturo 

-  65  to  -  1 50 

•c 

Load  Tomporaturo  (B-Second  Soldering) 

260 

"C 

'Maximum  Ratings  are  thoso  values  beyond  which  damage  to  Iho  device  may  occur. 
tTomperaturo  Derating:  Plastic  "P"  Package:  -  12mW/°C  from  65"C  to  85°C 

Ceramic  "L"  Package:  -  12mW."C  Irom  100*C  to  125*C 


FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVE  FORM 


'InxnM  output  on  MCI 407  JB  only 


FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


MC14070B 

QUAD  EXCLUSIVE  "OR"  GATE 

MC14077B 

QUAD  EXCLUSIVE  "NOR"  GATE 


CASE  632  CASE  64G 

L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE        PLASTIC  PACKAGE 

ORDERING  INFORMATION 

ASerios:  -55"Cto  -i-125'C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -  40  C  to  *  85  C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


MC14070B 

MC14077B 

Quad  Excluiiva  OR 
Gala 

Quad  Exclusive  NOR 
Gala 

a>- 

ZD-" 

::x>-" 

vDd  -  pi"  I* 
Vss  -  Pi"  ' 

(Both  Dflvicas) 

"do 


10  «i  ' 

I  nput 


rpHL  — 


90% 
50% 
10% 


-  30  n 


|—  'PLH 


"VDD 
-Vss 
VOH 

vol 


'  Invarttd  output  on  MC14077B  only. 
#Ccnnact  unuNd  Input  to  VDD  for  MC14070B,  to  Vss  far  MC14077B 


^TLH 


PIN  ASSIGNMENT 

in  1A 

v0D 

=3  14 

in  2A 

In  2D 

ZZI  13 

OutA 

In  1D 

■=3  12 

OutB 

OutD 

r=i  1 1 

in  1B 

Outc 

=1  10 

In  2B 

In  2C 

^  9 

7  r= 

VSS 

In  1C 

=^  8 
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MC14070B*MC14077B 


ELECTRICAL  CHARACTERISTICS  (Voltages  noioroncoo  to  vss) 


VD0 

Tlc 

25°C 

Thi«h* 

Cherecteristic 

Symbol 

Vdc 

Mln 

Man 

Min 

Typ# 

Maa 

Min 

Max 

Unit 

Output  Voltage               "0"  Level 

vol 

50 

- 

0.05 

o 

0.05 

0.05 

Vdc 

vtn  -  VOD  ot  ° 

10 

— 

O.OS 

o 

0.05 

0.05 

15 

— 

0.05 

0 

O.OS 

0.05 

"1"  Level 

v0h 

SO 

4.95 



4.95 

5.0 

4  95 

Vdc 

Vln  =  0  or  VdD 

10 

935 

— 

9.95 

10 

9.95 

15 

14  95 

— 

14.9S 

15 

14.95 

Input  Voltage                    "0"  Level 

V|L 

Vdc 

(V0=4.5  or  0.5  Vdc) 

5.0 



1.5 

2.25 

1  s 

1  5 

(Vo=9.0or  1.0  Vdc) 

10 



3  0 

4.50 

3.0 

3.0 

(V0»  13  5  or  1.6  Vdc) 

15 

— 

4.0 

6.75 

4.0 

4.0 

"%"  Level 

V|H 

(VOn0.5  or  4.5  Vdc) 

5.0 

3  5 

— 

3.5 

2.75 



3.5 



Vdc 

<V0  -  1  0  or  9.0  Vdc) 

10 

7.0 

— 

7.0 

5.50 



7.0 



<V0-1  5  Or  13.5  Vdc) 

IS 

11.0 

— 

110 

8.25 



11.0 



Output  Drive  Current  IAL  Device) 

lOH 

mAdc 

<vOH  =2  5  Vdcl  Source 

5.0 

-3.0 

— 

-2.4 

-4.2 

-1.7 

(V0H  =>4.6  Vdc) 

5.0 

-0.64 

— 

-0.51 

-0.88 



-0.36 



IV0H°95  Vdc) 

10 

-1.6 

— 

-1.3 

-2.25 



-0.9 



<VOH  "13.5  Vdcl 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

— 

(V0L  -0.4  Vac)  Sink 

'OL 

5.0 

0.64 

— 

0.51 

0.88 

— 

0.36 

— 

mAdc 

(Vql  "0  5  Vdc) 

10 

1.6 

— 

1.3 

2.25 

— 

0.9 

— 

IVql  °15  Vdc) 

15 

4.2 

3.4 

8.8 

— 

2.4 

— 

Output  Drive  Current  ICL/CP  Device) 

'OH 

mAdc 

(Vqh  a  2.5  Vdc)  Source 

5.0 

-2.5 

-2.1 

-4.2 

— 

-1.7 

— 

IVQM  —  ^.O  VOCi 

5  0 

-0.52 

-0.44 

-0.88 

— 

-0.36 

— 

■    On  »WI 

10 

-1.3 

-1.1 

-2.25 

— 

-0.9 

— 

'    OH      i J»3  voci 

15 

-3.6 

-3.0 

-8.8 

-2.4 

— — 

l Vql  °u.*i  vac;  Sink 

'OL 

5.0 

0.52 

0.44 

0.88 

— 

0.36 

— 

m  c 

tV«-i.         1  Vdcl 

10 

1.3 

1.1 

2.25 

0.9 

15 

3.6 

3.0 

8.8 

2  4 

— 

Input  Current  (AL  Device) 

'in 

15 

1 0  1 

!  0  00001 

10  1 

— 

i  1.0 

— Arf — 

_£ — £_ 

Input  Current  (CL/CP  Oevice) 

'in 

15 

2  0  3 

1000001 

103 

— 

no 

nAdc 

Input  Capacitance 

Cj„ 

— 

— 

50 

7.5 



_ 

pF 

(Vin  =  0l 

Quiescent  Current  (AL  Oevice) 

IQO 

5.0 

— 

0  25 

0.0005 

0.25 



7.5 

»jAdc 

(Per  Package) 

10 

— 

0.50 

0.0010 

0.50 

— 

16 

15 

— 

1.00 

0.0015 

1.00 



30 

Quiescent  Current  (CL/CP  Device) 

'00 

50 

— 

1.0 

00005 

1.0 

7.6 

nAdc 

(Per  Package! 

10 



2.0 

0.0010 

2.0 

16 

15 

— 

4.0 

0.0015 

4.0 



30 

Total  Supply  Current  *  *  t 

'T 

50 

IT  -  (0.3  JiA/kHj)  f  +  IQO 

pAdc 

(Dynamic  plus  Quiescent, 

10 

lT-(0.6aA/kHl)f+  'DO 

Per  Package) 

15 

IT  -  (0.9  JiA/kHzl  f  +  'DO 

<C|_=*50  pF  on  all  outputs,  all 

buffers  switching) 

Output  Rise  and  Pall  Times" 

*TLH, 

ns 

(CL-S0pF) 

«THL 

*TLH,*THL-  11.35  ns/pF)  CL  +  33  ns 

5.0  ' 

100 

200 

*TLH,  *THL  -  (0.60  ns/pF)  Cl  ♦  20  ns 

10 

50 

100 

«TLH.  «THL"  (0.40ns/pF)  Cl  +  20  ns 

IS 

40 

80 

Propagation  Oelay  Timet'* 

'PLH- 

ns 

(CL  -SOpF) 

<PHL 

<PLH.  'PHL  -(0.90  ns/pF)  CL+  130  na 

5.0 

175 

350 

'PLH-  'PHL  -  (0-38  ns/pF)  Ci_  +  S7  ns 

10 

75 

ISO 

'PLH.  'PHL  -  (0  28  na/pF)  CL  +  37  ns 

IS 

55 

110 

"Tlow~  -55*C  for  AL  Device,  -40*C  tor  CL/CP  Dovtce. 
Thlgh  "  *  1 25*C  for  AL  Oovlco.  +  65*C  for  CL/CP  Davlco. 

#Oata  labelled  "Typ"  is  not  to  be  used  for  design  purpose!  but  is 
Intended  as  an  Indication  of  Iho  IC's  potontlal  performance 

"The  formulas  given  aro  for  tho  typical  characteristics  only  at  25*C. 


fTo  calculate  total  supply  current  at  loads  other  than  SO  pF: 

■t(Cl.)  -  IT<50PF»  +  (Cl  -50>Vfk 

whoro:  \j  Is  In  ttA  (per  package).  C\_  In  pF.  V  -  (Vqq- V55)  in  volts, 
f  In  kHz  Is  Input  frequoncy.  and  k  -  0.002. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields. 
However,  precautions  must  be  taken  to  avoid  applications  of  any  voltage  htgher  than  maximum  rated  voltages  to 
this  high-impedance  circuit.  For  proper  operation,  Vjn  and  Vout  should  be  constrained  to  the  range  Vss  *  (vln  or 
Vout)  *  VDD. 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD)-  Unused  outputs 
must  be  left  open. 
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4-BIT  D-TYPE  REGISTER 
with  THREE-STATE  OUTPUTS 

The  MC14076B  4-Bit  Register  consists  of  four  D-type  flip-flops 
operating  synchronously  from  a  common  clock.  OR  gated  output- 
disable  inputs  force  the  outputs  into  a  high-impedance  state  for  use 
in  bus  organized  systems.  OR  gated  data-disable  inputs  cause  the  Q 
outputs  to  be  fed  back  to  the  D  inputs  of  the  flip-flops.  Thus  they 
are  inhibited  from  changing  state  while  the  clocking  process  remains 
undisturbed.  An  asynchronous  master  reset  is  provided  to  clear  all 
four  flip-flops  simultaneously  independent  of  the  clock  or  disable 
inputs. 

•  Three-State  Outputs  with  Gated  Control  Lines 

•  Fully  Independent  Clock  Allows  Unrestricted  Operation  for  the 
Two  Modes:  Parallel  Load  and  Do  Nothing 

•  Asynchronous  Master  Reset 

•  Four  Bus  Bufler  Registers 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Scholtky  TTL  Load  Over  the  Rated  Temperature  Range 
Schottky  TTL  LoadOver  the  Rated  Temper 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDd 

DC  Supply  Voltage 

-0  5  10  f  1B  0 

V 

V.n-  V0ut 

Input  or  Output  Vollago  (DC  or  Transient) 

-O  S  to  Vrjrj  +0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

=  10 

mA 

Pd 

Power  Dissipation,  per  PackagoT 

500 

mW 

TSIQ 

Storage  Temperature 

-  65  10  -  150 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  aro  those  values  beyond  which  damage  to  the  device  may  occur. 
TTemperalure  Doraling:  Plastic  "P"  Packago:  -  12mW/°C  from  65°C  to  85"C 

Coramic  "L"  Packago:  -  IZmW/'C  from  100°C  to  125-C 

FUNCTION  TABLE 


INPUTS 

OUTPUT 
□ 

Rtnt 

Clock 

Data  Disable 

Data 

D 

A 

B 

1 

X 

X 

X 

X 

0 

0 

0 

X 

X 

X 

On 

0 

1 

X 

X 

°n 

0 

X 

1 

X 

°n 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

Whan  aithar  output  ditabla  A  or  B  (or  both)  i*  (arc)  high  th«  output  it  dltablad  to  tha  high- 
impadanca  itata;  howavar  laquaniial  oparatlon  of  tha  fllp-f  lopi  li  not  aUaciad. 

X  -  Don't  Care. 


MC14071Bthru  MC14073B, 
MC14075B 
See  Page  6-5 


— 


MC14076B 


CMOS  MSI 

(LOWfOWER  COMPLEMENTARY  MOS) 


QUAD  D-TYPE  REGISTER 
with  THREE  STATE  OUTPUTS 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -  55*C  10  +  1 25'C 

MC1<)XXXBALor  UBAL  (Ceramic  Packago  Only) 

C  Serios:  -  40*C  to  +  85*C 
MC14XXXBCP  or  UBCP  (Plaslic  Package) 
MC14XXXBCL  or  UBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 

15  — 

Ratal  QO 

 3 

14  — 

DO 

13  

Dl 

12  

D2  at 

 4 

11   

D3 

10   

B  I  Data 

9  

A  /  Dlaeble  Q2 

—  S 

7  

Clock 

2  — 

B  I  Output 

1  — 

Af5'"""  Q3 

—  6 

V0D  "  PI"  16 

VSS  -  Pin  8 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  la  vss) 


VDD 

T|c 

MM* 

25°C 

Thklh* 

Cturtcterisltc 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  VoltQQO                "0*  Level 

V0L 

5.0 

0.05 

0 

o.os 

O.OS 

Vdc 

v(n  -  Vpo  or  0 

10 

- 

0.05 

— 

0 

0.05 

— 

0.05 

15 

0.05 

- 

0 

0.05 

- 

0.05 

"1"  Level 

VOH 

5.0 

4.95 

~ 

4.95 

S.O 

— 

4.95 

— 

Vdc 

vfn  -  0  or  VD0 

10 

15 

9.95 
14.95 

9.95 
14.95 

10 
15 

— 

— 

9.95 
14.95 

— 
— 

Input  Voltage                    "0"  Level 

VIL 

Vdc 

<V0n45  or  0.5  Vdc) 

5.0 

— 

1.5 

— 

2.25 

1.S 

— 

15 

(Vq  -  9-0  or  1 X)  Vdc) 

10 

3.0 

- 

4.50 

3.0 

— 

3.0 

(Vq  ■  13.5  or  15  Vdc) 

15 

— = — 

4.0 

— 

6.75 

4.0 

— 

4.0 

"1"  Level 

{ Vq  b  0.5  or  4 .5  Vdc) 

VIH 

9.0 

3.5 

3.5 

2.75 

~~- 

3.5 

Vd 

C 

(V0-  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.S0 

7.0 

(Vo»  1.5  or  13.5  Vdc) 

15 

11.0 

11.0 

825 

11.0 

Output  Drive  Current  (AL  Device) 

'OH 

(^OH  *  2.5  Vdc)  Source 

5.0 

—  3.0 

-2.4 

-4.2 

— 

—  1.7 

— 

5.0 

—  0.64 

-0.61 

—0.88 

— 

—0.36 

(Vnu  -  9  5  Vdc) 

10 

- 1.6 

—  1.3 

O  OR 
—  4. ZD 

—  0  9 

(Vqh  »  13.5  VcJcl 

IS 

-4.2 

.   

—  3.4 

a  a 
—  o.o 

—  2  4 

(Vqi_  b  0.4  Vdc)  Sink 

■0L 

5.0 

0.64  ' 

0.51 

0.88 

0.36 

mAdc 

(Vol  ■  OS  Vdc) 

10 

1.6 

1.3 

2.25 

0  9 

iv0L  ■  '.s  vdc) 

IS 

4.2 



3.4 

8.8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

(Vqh  "  2.5  Vdc)  Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

_ 

-1.7 



IVqh  "  4.6  Vdc) 

5.0 

-0.52 

— 

-0.44 

-0.88 



-0.36 



(V0H  "  9.5  Vdc) 

10 

-1.3 

— 

,-1.1 

-2.25 



-0.9 



IV0H  -  13.S  Vdc) 

15 

-3.6 

— 

-3.0 

-8.8 



-2.4 



ivql  ' 04  vdcl  Sink 

'OL 

5.0 

0.S2 

— 

0.44 

0.88 



0.36 



mAdc 

(Vql  "  0-5  vdc) 

10 

1.3 

— 

1.1 

2.25 

0.9 



(v0L  "is  vdc) 

15 

3.6 

— 

3.0 

8.8 

 ■ 

2.4 

,  

Input  Current  (AL  Device) 

•in 

IS 

— 

10.1 

10.00001 

10.1 

— ~  

11.0 

pAdc 

Input  Current  (CL/CP  Device) 

•in 

15 

_ 

10.3 

10.00001 

103 

ll.O 

MAdc 

Input  Cspacitence 

Cin 

_ 





5.0 

7.5 

pF 

IVin  "  0) 

'DO 

5.0 

5.0 

0.005 

5.0 

— 

ISO 

jiAdc 

J  Par  Pvbiwwt 

iror  racnegei 

10 

10 

0.010 

10 

300 

IS 

20 

0.016 

20 

600 

_____  

Quiescent  Current  (CL/CP  Device) 

■dd 

s.o 

20 

0.006 

20 

160 

pAdc 

10 

40 

0.010 

40 

300 

15 

80 

0.016 

80 

600 

Total  Supply  Current*  *t 

■T 

5.0 

lTT(0.75  uA/kHz)f  +  |0D 

MAdc 

(Dynamic  plus  Quiescent, 

10 

lT-(1.60;iAAHl)f  ♦  l0D 

Per  Package) 

IS 

lT-(2.26uA/kHl)f  ♦  IQD 

ICl  -  50  pF  on  all  outputs,  all 

bullers  switching) 

Three-State  Leakage  Current 

•tl 

IS 

10.1 

10.00001 

10.1 

13.0 

pAdc 

(AL  Device) 

Three-State  Leakage  Current 

'TL 

15 

ll. 0 

■0.00001 

ll.O 

*75 

MAdc 

ICL/CP  Device) 

*Tlow  "  -  S5*c  *°r  AL  Device,  -  40*C  for  CL/CP  Dovtco.  fTo  calculate  total  supply  current  at  loads  other  than  50  pF: 

TWgh  -  +  12S*° tor  AL  Devsco.  +  85*C  for  CUCP  Device. 

■T<cO  -  It(50pF)  +  (CL  -50>V1k 

#Data  lobolEod  "Typ"  E9  not  to  bo  usod  for  design  purposos  but  is 
•ntortdob  as  on  indication  of  tho  tC's  potontlol  porformanco.  whoro:  \j  is  In  i*A  (por  pockago).  C(_  fn  pF,  V  -  (Vqq  -  Vgg)  tn  votts. 

f  In  kHz  Is  input  froquoncy,  and  k  «=  0.002. 

"Tho  formulas  gfvon  aro  (or  tho  typical  characteristics  only  at  25'C. 
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SWITCHING  CHARACTERISTICS*  !CL  -  50  pF.  TA  -  25°C) 


"OD 

Characteristic 

Symbol 

Vdc 

Min 

Typ  0 

Max 

Unit 

Output  Rise  and  Fatl  Time 

*TLH-  *THL 

nt 

•TLH.  'THL  -  0-5  na/PF>  ^L  +  25  na 

5.0 

- 

100 

200 

txi_H-  *THL  ~  (0.75  ns/pF)  Ci_  +  12.5  na 

10 

- 

SO 

100 

*TLH-  *THL  **  (°-55  "^PP)  Cl  +  9.5  ns 

15 

- 

40 

80 

Propagation  Delay  Time 

tPLH'tPHL 

ns 

Clock  to  Q 

tp|_H.  tpHL  =  (1-7  n«/PF*  C|_  +  215  ns 

5.0 

- 

300 

600 

tpLH<  <PHL  '  *0  66  n*/PF*  CL  +  92  n» 

10 

125 

250 

tPLH.  tpHL  "  *0-6  n«/PF>  C|_  +  65  n« 

15 

80 

180 

Reset  to  Q 

tp|_H,tpHL  "        ns/pF)  C|_  +  215  ns 

5.0 

300 

600 

*PLH.  *PHL  "  (0.66  ns/pF)  C|_  +  92  nt 

10 

_ 

12S 

250 

tp|_H.  tpHL  "  10  5  n*SpF)  C|_  +  65  nt 

16 

- 

90 

180 

3  State  Propagation  Delay,  Output  "1"  or  "0" 

tpHZ,  'PLZ 

5.0 

ISO 

300 

nt 

to  High  Impedance 

10 

_ 

60 

120 

15 

- 

46 

90 

3*State  Prgpagatlon  Delay,  High  Impedance 

tpzH,  *PZL 

5.0 

200 

400 

nt 

to  "1"  or  "0"  Level 

10 



80 

160 

15 

- 

60 

120 

Clock  Pulse  Width 

tWH 

5.0 

260 

130 

nt 

10 

110 

55 

_ 

15 

80 

40 

- 

Reset  Pulse  Width 

<WH 

5.0 

370 

185 

_ 

ns 

10 

ISO 

75 

_ 

IS 

110 

5S 

- 

Data  Setup  Time 

*su 

5.0 

30 

15 



nt 

10 

10 

6 

IS 

4 

2 

- 

Data  Hold  Time 

*h 

6.0 

130 

65 

_ 

m 

10 

60 

30 

15 

50 

25 

- 

Data  Disable  Setup  Time 

tiu 

5.0 

220 

110 

nt 

10 

80 

40 

15 

50 

25 

Clock  Pulse  Rise  and  Fell  Time 

'TLH,  <THL 

5.0 

15 

ut 

10 

5 

15 

4 

Clock  Pulse  Frequency 

<cl 

5.0 

3.6 

13 

MHz 

10 

9.0 

4.6 

15 

12 

6.0 

'The  formulas  gfvon  aro  for  tho  typical  characteristics  only  at  25*C. 


#Data  tabetlod  "Typ"  is  not  to  bo  usod  tor  design  purposos  but  Is 
intended  as  an  Indication  ot  tho  IC's  potential  performance. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields. 
However,  precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this 
high-Impedance  circuit.  For  proper  operation,  Vjn  and  Vout  should  be  constrained  to  the  range  Vgg  «  (V>n  or  Vout)  < 
VDD. 

Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  V°ss  or  Vrjo).  Unused  outputs 
must  be  left  open. 
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MOTOROLA 


QUAD  2-INPUT  "NAND"  SCHMITT  TRIGGER 

The  MC 1 4093B  Schmitt  trigger  is  constructed  with  MOS  P-channel 
and  N-channel  enhancement  mode  devices  in  a  single  monolithic 
structure.  These  devices  find  primary  use  where  low  power  dissi- 
pation and/or  high  noise  immunity  is  desired.  The  MC14093B  may 
be  used  in  place  of  the  MC14011B  quad  2-input  NAND  gate  for 
enhanced  noise  immunity  or  to  "square  up"  slowly  changing 
waveforms. 


•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Scholtky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Double  Diode  Protection  on  All  Inputs 

•  Pin-for-Pin  Compatible  with  CD4093 
■  Can  be  Used  to  Replace  MC1401 1B 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-  0.5  to  18.0 

V 

Vj|T  VOUl 

Input  or  Output  Voltago  (DC  or  Transient) 

-0.5  to  Vqd  +0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

-  10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

T!l!l] 

Storage  Temperature 

-65  10  -  150 

°C 

Tl 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperaiure  Derating:  Plastic  "P"  Package:  -  i2mW/*C  from  65'C  10  85eC 

Ceramic  "L"  Package:  -i2mW/'C  from  100'C  to  125'C 


EQUIVALENT  CIRCUIT  SCHEMATIC 
1 1/4  OF  CIRCUIT  SHOWN) 

This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields.  However,  precautions  must  be  taken  lo  avoid 
applications  ol  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
Impedance  circuit.  For  proper  operation,  Vjn  and  VQuj  should  be  constrained 
to  the  range  Vss  «s  (V|n  or  Vout)  VDD. 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g., 
either  Vqq  or  Vrjrj).  Unused  outputs  must  be  left  open. 


MC14077B 
See  Page  6-156 


MC14078B,  MC14081B, 
MC14082B 
See  Page  6-5 


MC14093B 


CMOS  SSI 

[LOW-POWER  COMPLEMENTARY  MOSI 

QUAD  2-INPUT  "NAND" 
SCHMITT  TRIGGER 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE         PLASTIC  PACKAGE 
CASE  632  CASE  646 


ORDERING  INFORMATION 

A  SerjQS:  -55'Cto  -t-125'C 

MCHXXXBAL  (Ceramic  Package  Only) 

C  Series:  -  40'C  10  +  B5"C 
MCI 4XXXBCP  (Plastic  Package) 
MCI 4XXXBCL  (Ceramic  Package) 


LOGIC  DIAGRAM 


:rE> — 


10 


VDp  -  Pin  14 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


Characteristic 

Symbol 

VDD 
Vdc 

nv" 

25*C 

■n. 

ah 

Unit 

Mln 

Max 

Mln 

Typ# 

Mai 

Mln 

Max 

Output  Voltage                  "0"  Level 
Vin  -  Vqd  or  0 

"1"  Level 

V|n  =  0  or  Vdd 

vol 

5.0 
10 
15 

0.05 
0.05 
0.05 

0 

o 

0 

0.05 
0.05 
0.05 

0.05 
0.05 
0.05 

Vdc 

voh 

5.0 
10 
15 

4.95 
9.95 
14.95 

- 

4.95 
9.95 
14.95 

5.0 
10 
15 

4.95 
9.95 
14.95 

— 

Vdc 

Output  Drive  Current  (AL  Device) 
(Voh  "  2-5  Vdc)  Source 
(Voh  -  4.6  Vdc) 
(Voh  =  9-5  Vdc) 

(Voh  -  13.5  Vdc) 

(Vol  -  0.4  Vdc)  Sink 

(Vol  -  0.5  vdc) 
(Vol  -  1.5  vdc) 

lOH 

5.0 
5.0 
10 
15 

-3.0 
-0.64 
-1.6 
-4.2 

— 

-2.4 
-0.51 
- 1.3 
-3.4 

-4.2 
-0.68 
-2.25 
-8.8 

-  - 

-1.7 
-0.36 
-0.9 
-2.4 

- 

mAdc 

lOL 

5.0 
10 
15 

0.64 
1.6 
4.2 

— 

0.51 
1.3 
3.4 

0.88 
2.25 
8.8 

— 


0.36 
0.9 
2.4 

— 

mAdc 

Output  Drive  Current  (CL/CP  Device) 
(Voh  -  2.5  Vdc)  Source 

lvOH      4.0  VOC| 

(Voh  =  9.5  Vdc) 
(Voh  -  13.5  Vdc) 

(Vol  "  0.4  Vdc)  Sink 

(Vol  -  0.5  vdc) 
(Vol  -  1-s  vdc) 

!OH 

5.0 

10 
15 

-2.5 

-1.3 
-3.6 

— 
- 

-2.1 
-0.44 
-1.1 
-3.0 

-4.2 
-0.88 
-2.25 
-8.8 

— 
— 

-1.7 
—0  36 
-0.9 
-2.4 

— 

- 

mAdc 

lOL 

5.0 
10 
15 

0.52 
1.3 
3.6 

- 

0.44 
1.1 
3.0 

0.88 
2.25 
8.8 

0.36 
0.9 
2.4 

— 

mAdc 

Input  Current  (AL  Device) 

111) 

15 

±0.1 

±0.00001 

±0.1 

— 

±1.0 

fiAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

_ 

±0.3 

±0.00001 

±0.3 

±1.0 

jiAdc 

Input  Capacitance 
(Vfn  =  0) 

Cfn 

5.0 

7.5 

pF 

Quiescent  Current  (AL  Device) 
(Per  Package) 

Idd 

5.0 
10 
15 

0.25 
0.5 
1.0 

0.0005 
0.0010 
0.0015 

0.25 
0.5 
1.0 

7.5 
15 
30 

fiAdc 

Quiescent  Current  (CL/CP  Device) 
(Per  Package) 

<DD 

5.0 
10 
15 

1.0 
2.0 
4.0 

0.0005 
0.0010 
0.0015 

1.0 
2.0 
4.0 

7.5 
15 

30 

fiAdc 

Total  Supply  CurrenT't 
(Dynamic  plus  Quiescent. 
Per  Package) 

(Cl  =  50  pF,  on  all  outputs,  ail 
buffers  switching) 

IT 

5.0 
10 
15 

IT  =  (1.2jiAfcHz)l  +  lDD 
IT  =  (2.4  jiA/kHz)  1  +  lDD 
rf  =  (3.6  jiA/kHz)  |  +  |DD 

MAdc 

Hysteresis  Voltage 
(Pins  1.  5. 8  and  12  held  high 
w  Pins  2.  6. 9  and  13  held  high) 

VH 

5.0 
10 
15 

0.20 
0.39 

0.62 
0.85 
1.20 

0.17 
0.25 
0.33 

0.26 
0.38 
0.50 

0.6 
0.8 
1.1 

0  13 

0.20 
0.27 

0.6 
0.8 
1.1 

Vdc 

Threshold  Voltage 
(Pins  2,  5, 9, 12  held  high  or 
Pins  1,6.  8. 13  held  high) 
Positive-Going 

Negative-Going 

vt+ 

5.0 
10 
15 

1.90 
3.05 
4.12 

4.15 
6.75 
9.15 

1.80 
2.95 
4.02 

2.70 
4.43 
6.03 

4.05 
6.65 
9.05 

1.70 
235 
3.92 

4.05 
6.65 
9.05 

Vdc 

vT- 

5.0 
10 
15 

1.63 
2.70 
3.59 

3.76 
6.18 
8.40 

1.63 
2.70 
3.69 

2.44 
4.05 
5.53 

3.66 
6.08 
8.30 

1.53 
2.60 
3.70 

3.66 
6.08 
8.30 

Vdc 

Tfow  -  -55*C  lor  AL  Device.  -40°C  for  CL/CP  Devico. 
Thigri  -  +  125*0  tor  AL  Device.  +85"C  (or  CL/CP  Device. 

#Data  labelled  'Typ"  is  not  to  be  used  for  design  purposes  but  ts 
Entendod  as  on  indication  ol  the  tC's  potential  performance. 

"The  formulas  given  ere  for  the  typical  characteristics  only  at  25 *C. 

f/To  calculate  total  supply  current  at  loads  other  than  50  pF: 

WCO  -  lT<50  pF>  +  <CU  -50)  Vfk 

where:  It  ia  In  /*A  (per  package),  Cl  in  pF,  V  -  (Vqd- V$$)  in  volts, 
f  in  kHz  Is  input  frequency,  and  k  -  0.004. 
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SWITCHING  CHARACTERISTICS    (CL  -  60  pF.  TA  -  25°C) 


V0D 

Charactariftic 

Symbol 

Vde 

Min 

Typ# 

Mb 

Unit 

Output  Rite  Time 

«TLH 

S.O 

100 

200 

nt 

10 

SO 

100 

15 

40 

SO 

Output  Fall  Time 

THt 

5.0 

100 

200 

nt 

10 

50 

100 

15 

40 

80 

Propagation  Delay  Time 

<PLH.  IPHL 

5.0 

126 

250 

ni 

10 

50 

100 

16 

40 

80 

#Data  labeled  "Typ"  Is  not  to  be  used  for  design  purposes  but  Is  Intended  as  an  Indication  of  the  IC's  potential  performance. 


FIGURE  1  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVE  FORMS 


PulM 


«THL  *TLH 


FIGURE  2  -  TYPICAL  SCHMITT  TRIGGER  APPLICATIONS 


vControl  -  1 

(a)  Schmltt  Triggers  will  square  up  (b)  A  Schmttt  trigger  offers  maximum 

Inputs  with  slow  rite  and  fall  times.  note  Immunity  in  oats  applications. 
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8 -ST AGE  SHIFT/STORE  REGISTER 
WITH  THREE-STATE  OUTPUTS 

The  MC14094B  combines  an  8-stage  shift  register  with  a  data 
latch  for  each  stage  and  a  three-state  output  from  each  latch. 

Data  is  shifted  on  the  positive  clock  transition  and  is  shifted 
from  the  seventh  stage  to  two  serial  outputs.  The  Q$  output  data 
is  for  use  in  high  speed  cascaded  systems.  The  Q's  output  data  is 
shifted  on  the  following  negative  clock  transition  for  use  in 
low-speed  cascaded  systems. 

Data  from  each  stage  of  the  shift  register  is  latched  on  the 
negative  transition  of  the  strobe  input.  Data  propagates  through 
the  latch  while  strobe  is  high. 

Outputs  of  the  eight  data  latches  are  controlled  by  three-state 
buffers  which  are  placed  in  the  high-impedance  state  by  a  logic  Low 
on  Output  Enable. 

•  Three-State  Outputs 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Input  Diode  Protection 

•  Data  Latch 

•  Dual  Outputs  for  Data  Out  on  Both  Positive  and  Negative  Clock 

Transitions 

•  Useful  for  Senal  to-Parallel  Data  Conversion 

•  Pin  for-Pin  Compatible  with  CD4094B 


MAXIMUM  RATINGS*  (Voltages  Referenced  10  Vss) 


Symbol 

Parameter 

Unit 

vDd 

DC  Supply  Voltage 

-0.5  to  •  1B.0 

V 

Vjn-  Voui 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  VDD  -  0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

i  10 

mA 

PD 

Power  Dissipation,  per  Package! 

500 

mW 

Tstq 

Storago  Tomperaturo 

-  65  10  '150 

•c 

TL 

Load  Temperature  (8-Second  Soldering) 

260 

■c 

'Maximum  Ratings  are  thoso  values  beyond  which  damage  to  the  device  may  occur 
tTemporaiure  Derating:  Plastic  "P"  Package:  -  12mW  'C  Irom  65:C  10  85°C 

Coramic  "L"  Package:  -  12mW/*C  from  lOO'C  to  125°C 


Clock 

Output 
Enabia 

Strobe 

Data 

Parallel  Outputs 

Serial  Outputs 

Ol 

°-N 

°S" 

OS 

y 

0 

X 

X 

Z 

Z 

Q7 

No  Chg. 

0 

X 

X 

z 

z 

No  Chg. 

0.7 

J~ 

1 

0 

X 

No  Chg. 

No  Chg. 

Q7 

No  Chg. 

y 

1 

1 

0 

0 

O.N-1 

Q7 

No  Chg. 

1 

1 

1 

1 

Qn-i 

Q7 

No  Chg. 

1 

1 

1 

No  Chg. 

No  Chg. 

No  Chg. 

0.7 

Z=High  Impodanco 
X  ■  Don't  Care 

•At  the  positive  clock  edge,  information  in  tha  7th  shift  register  stage  is  transferred  to 
Q8  and  Qg 

MC14094B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOS) 


8-STAGE  SHIFT/STORE  REGISTER 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Senas   -  55*C to  *125'C 

MC 14XXXBAL  (Ceramic  Package  Only) 

C  Sonos  -40'Cto  -  85*C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Coramic  Package) 


PIN  ASSIGNMENT 

1  [= 

Strobe 

=3  16 

Data 

Output 
Enable 

=1  '5 

3  <= 

Clock 

Q5 

=3  14 

1  c= 

Q1 

Q6 

=3  13 

02 

07 

=3  12 

6  C= 

Q3 

Q8 

=311 

7  d 

QA 

°'S 

=3  10 

8  C= 

VSS 

Qs 

=39 

This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  lo  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operalion,  Vjn  and  Vouj  should  be 
constrained  to  the  range  Vss  *  Win  or 
V0ut)  *  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g..  either  V55 
or  Vdd).  Unused  outputs  must  be  lefl  open. 
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ELECTRICAL  CHARACTERISTICS  (Voltage*  Rotomncoa  to  vss) 


voo 

25°C 

Thigh' 

ctwectertftic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Matt 

Min 

Men 

Unit 

Output  Voltage              "0"  Level 

vol 

5.0 

_ 

0.05 

_ 

0 

0.05 



0.05 

Vdc 

Vin-VDDO'O 

10 



0.05 

0 

0.05 



0.05 

15 

0.05 



0 

0.05 



0.05 

"1"  Level 

V0H 

5.0 

4.95 

4.95 

5.0 

4  95 



Vdc 

Vm-Oor  VDD 

10 

9.95 

10 

_ 

9.95 



15 

14.95 

14.95 

15 

_ 

14.95 



Input  Voltege                   "0"  Level 

VlL 

Vdc 

(V0=  4.5  or  0.5  Vdcl 

50 

1  5 

2.25 

1.5 

1.5 

IVO"90o.  1.0  Vdcl 

10 

3.0 

4.50 

3.0 



3.0 

(V0  a  13.5  or  1 .5  Vdcl 

15 



4  0 



6.75 

4.0 

— 

4.0 

"1"  Level 

V|H 

(Vq- 0.5  Of  4  5  Vdcl 

5.0 

3  5 



.15 

2.75 

3  5 

— 

Vdc 

(Vq  a  1 .0  or  9.0  Vdcl 

10 

7.0 



7.0 

5.50 

— 

7.0 

— 

IVq  a  1  5  or  13.5  Vdcl 

15 

11.0 

— 

1 1.0 

8.25 

— 

11.0 

— 

Output  Orive  Current  (AL  Device) 

>OH 

mAdc 

IVqh  -  7.5  Vdcl  Source 

5.0 

-3.0 



-2.4 

-4.2 



-1.7 



IVOH  «  4.6  Vdcl 

5.0 

-0.64 



-0.51 

-0.88 

— 

-0.36 

— 

IVqh-9  5  Vdcl 

10 

-1.6 

— 

-1.3 

-2.25 

— 

-0.9 

— 

IVOH  "135  Vdcl 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

— 

ivql  °o.4  vdcl  smk 

■OL 

5.0 

0.64 

— 

0.51 

0.88 

— 

0.36 

— 

mAdc 

(Vol  *°-5  vdcl 

10 

1.6 

— 

13 

2.25 

— 

0.9 

— 

IVQL  ■  1 VOCJ 

15 

4.2 

— 

3.4 

8.8 

— 

2.4 

Output  Orive  Current  (CL/CP  Oevtce) 

'OH 

(Vq^|  a  2,5  Vdc)  Source 

5.0 

-2.5 

— 

-2.1 

•4.2 

-1 .7 

(Vqh  °  4.6  Vdc) 

5.0 

-0.52 

-0.44 

-0.B8 

— 

-0.36 

IVqh  "9  5  Vdc) 

10 

-1.3 

-1.1 

-2.25 

-0.9 

(Vqh"  135  Vdc) 

15 

-36 

"3° 

•8.8 

-2  4 

(Vql  °  0.4  Vdc)  Sink 

Ini 

5.0 

0.52 

0.44 

0.88 

0.36 

mAdc 

(VOL  a  05  Vdc* 

10 

1.3 

1.1 

7.25 

0.9 

15 

3.6 

3.0 

8.8 

7.4 

Input  Current  (AL  Device) 

 1  

'in 

15 

— 

10  1 

1 0.00001 

•0  1 

x  1 .0 

MAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

— 

!03 

1000001 

103 

— 

n  0 

uAdc 

Input  Capacitance 

cin 

— 

— 

so 

7.5 

— 

— 

pC 

IV,n  =01 

Quiescent  Cutfent  (AL  Device) 

*DD 

5.0 

— 

50 

0.005 

50 

- 

150 

uAdc 

(Per  Package) 

10 

— 

10 

0.010 

10 

— 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Devtce) 

'DD 

5.0 



20 

0.005 

20 

_ 

150 

uAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

IS 

80 

0.015 

80 

600 

Total  Supply  Current "  *  t 

'T 

50 

lT  -  (4.1   (iA/kHll  1  »  loo 

uAdc 

(Dynamic  plus  Quiescent, 

10 

lT  .  (14    vA/kHil  1  >  loo 

Per  Package) 

15 

It  -  (140  uA/kHil  1  •  IqO 

ICl  ■  50  pF  oo  all  outputs,  all 

buffers  switching) 

3-State  Output  Leakage 

'TL 

15 

±0.1 

±0.0001 

±0.1 

±3.0 

Currant  (AL  Device) 

3-Stato  Output  Leakage 
Current  (CL/CP  Device) 

'TL 

15 

£1.0 

±1.0 

±7.6 

"Ttow  -  -  55*C  tor  AL  Dovico,  -  40*C  for  CL/CP  Dov.50. 
TWffb  "  +  1 2**c  tor  AL  Oovico.  +  6S*C  for  CL/CP  Dovico. 

#Data  labollod  "Typ"  la  not  to  bo  usod  for  design  purposos  but  is 
Intondod  as  an  indication  of  tha  IC's  potential  performance. 

"'Tho  formulas  given  aro  for  tho  typical  ctiaractortsties  only  at  2S*C. 


fTo  calculate  total  supply  curront  at  toads  othor  than  SO  pF: 

lT*CL>  -  M50  pF)  +  (CL  -  SO)  Vf  k 

where:  \j  Is  In  |*A  (por  packago).  Cl  In  pF.  V  -  (VDD  -  Vgg)  (n  volts, 
f  In  kHz  Is  Input  froquoncy,  and  k  -  0.001 .  • 
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SWITCHING  CHARACTERISTICS*  ICL  -  50  pF.  TA  •  25°CI 


VDD 

Characteristic 

Vdc 

Min 

■  yp  w 

Max 

Unit 

Output  Rise  end  Fell  Time 

*TLH- 

ns 

'TLH.'THL'  (1.35  nl/pFI  CL  +  33  nf 

«THL 

5.0 

— 

100 

200 

'TLH.  <THL  "  (0.6  ni/pFI  CL  +  20  n» 

10 

— 

50 

100 

TLH-  «THL  "  (0.4  ni/pFI  CL  ♦  20  ns 

15 

— 

40 

80 

Propagation  Delay  Time 

'PLH- 

ns 

Clock  to  Serial  out  QS 

'PHL 

tp|_H«  tpHL  *  '°-S0  ns/pFI  Cl  ♦  306  ni 

5.0 

- 

350 

600 

'PLH.  'PHL  "  I0-36  nrfpFI  C|_  ♦  107  ns 

10 

- 

125 

250 

'PLH-  'PHL  "  '°-26  <»/PFt  CL  4  82  n» 

15 

- 

95 

190 

Clock  to  Serial  out  Q'S 

'PLH.  tPHL  *  I0S0  nt/pF)  C(.  ♦  350  ns 

5.0 

- 

230 

460 

'PLH.  'PHL  *  (0.36ns/pFr  Cl  +  149  ni 

10 

— 

1 10 

220 

'PLH-  'PHL  *  I0-26  ni/pF)  C|_  ♦  62  ns 

15 

- 

75 

ISO 

Clock  to  Parallel  out 

'PLH-  'PHL  "  I"-90  ni/pF)  C(.  +  375  nt 

5.0 

- 

420 

840 

'PLH- 'PHL"  l°-36  ni/pFI  C|_  +  177  ns 

10 

- 

195 

330 

'PLH-  'PHL  "  10  26  ns/pF)  C(.  ♦  122  ns 

15 

- 

135 

270 

Strobe  to  Parallel  out 

'PLH-  'PHL  "  (030  ni/pF)  Cl  ♦  245  ni 

5.0 

290 

580 

'PLH-  'PHL  "  l°-38  ns/pF)  Cl  ♦  127  nl 

10 

- 

145 

280 

'PLH-  'PHL  "  (0-26  ns/pF)  C|_  ♦  87  ns 

15 

— 

100 

200 

Output  Enable  to  Output 

'PHZ-  'PZL  "  '050  n«/pF)  Cl  +  95  ns 

'PHZ- 

5.0 

140 

280 

ipHZ*  *PZL    w.jo  ns/pri         **'  •** 

'PZL 

10 

75 

150 

'PHZ*  *PZL  *  (056  ni/pF)  Cl  +  42  ns 

15 

55 

1 10 

>PLZ'  *PZH  "  <0.80  ns/pF)  C|_  +  180  ns 

tpLZ. 

50 

225 

450 

lpi_2»  tpjH    W.3o  ni/pFJ  Cl  +  77  ns 

'PZH 

10 

oc 

190 

•PLZ.  tpzH  "  >056  ns/pF)  C(_  ♦  57  ns 

15 

70 

140 

Setup  Time 

«SU 

125 

ns 

5.0 

60 

_ 

10 

55 

30 

_ 

15 

35 

20 

_ 

Hold  Timo 

•h 

ns 

oncK  io  uaia 

To 

20 

10 

15 

20 

0 

Clock  Pulse  Width,  High 

5.0 

200 

100 

ns 

10 

100 

50 

15 

83 

40 

Clock  Rise  and  Fall  Timo 

'r(cl) 

5 

15 

J« 

'1(d) 

10 

5.0 

15 

4.0 

Clock  Pulse  Frequency 

'cl 

5.0 

2.5 

1.25 

MHz 

10 

5.0 

2.5 

15 

6.0 

3.0 

Strobe  Pulse  Width 

'WL 

5.0 

200 

100 

ns 

10 

80 

40 

15 

70 

35 

"Too  formulas  givon  are  tor  tho  typical  characteristics  only  at  2S*C. 


#Data  labelled  "iyp"  1b  not  to  bo  used  tor  dosign  purposos  but  Is  3*STATE  TEST  CIRCUIT 

Intondad  as  an  Indication  ot  tho  tC's  potential  pariormsnea. 

For  For 

tpHZ  tpLZ 

and  and 

tpZH  tPZL 

vss  v00 


Output 
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Output 
Enable 


BLOCK  DIAGRAM 
Register  Stag*  1  Letch  1 


3  State  Buffer  1 


2 

Rsglstor  Staga  2 

Latch  2 

3 

Roglttar  Stags  3 

Latch  3 

4 

Ragittar  Stags  4 

Latch  4 

S 

Roglitar  Siaga  5 

Latch  5 

6 

Raglttar  Staga  6 

Latch  6 

7 

Raglttar  Staga  7 

Latch  7 

Reglitor  Stepo  B 


3  S  to  to  Buffer  2 


3-Stste  Buffer  3 


3  Slot*  Buff  or  4 


3-Stoto  Buffer  5 


3  State  Buffer  6 


3  Stato  Buffer  7 


Clock  Clock 
Clock 
Clock 

Strobe         'Input  Protection  Oiodoi 


-  6  Q2 

-  6  Q3 

-  7  Q4 
-14  Q5 
-13  Q6 
-12  Q7 


Latch  8 

3  State  Buffer  8 

 11  as 

10  O's 


9  °s 


0c 

0Data 


DYNAMIC  TIMING  DIAGRAM 
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8-BIT  ADDRESSABLE  LATCHES 

The  MC14099B  and  MC14599B  are  8  bit  addressable  latches. 
Data  is  entered  in  serial  form  when  the  appropriate  latch  is  addressed 
(via  address  pins  AO.  Al.  A2)  and  write  disable  is  in  the  low  state. 
Chip  enable  must  be  high  (or  writing  into  MC14599B.  For  the 
MC14599B  the  data  pin  is  a  bidirectional  data  port  and  for  the 
MC14099B  the  input  is  a  unidirectional  write  only  port.  The  Write/ 
Read  line  controls  this  port  in  the  MC14599B 

The  data  is  presented  in  parallel  at  the  output  of  the  eight 
latches  independently  of  the  state  of  Write  Disable.  Write/Read 
or  Chip  Enable. 

A  Master  Reset  capability  is  available  on  both  parts. 

•  Serial  Data  Input 

•  Parallel  Output 

•  Master  Reset 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  ol  Driving  Two  Low-power  TTL  Loads  or  One  Low-Power 
Schotlky  TTL  Load  over  the  Rated  Temperature  Range 

•  MC14099B  pin  for  pin  compatible  with  CD4099B 


MAXIMUM  RATINGS*  (Voltages  flelerenced  to  vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-  0  5  to  ■»  1 8  0 

V 

^in-  vout 

Input  or  Output  Vollage  (DC  or  Transient) 

-  0  5  10  VDD  -  0  5 

V 

'in'  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

=  10 

mA 

?o 

Power  Dissipation,  per  Packaget 

500 

mW 

Tsla 

Storage  Temperature 

-65  to  -  150 

•c 

K 

Lead  Temperature  (8-Second  Soldonng) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
TTemperature  Derating   Plastic  "P  Package  -  I2mw/*C  Irom  65*C  to  85'C 

Ceramic  "L"  Package  -  l2mvvv*C  Irom  100'C  to  125*C 


MC14099B 


MCI  4599  B 


—  nl 


PIN  ASSIGNMENT 

vod  : 


PIN  ASSIGNMENT 


MC14097B 
See  Page  6-146 


MC14Q99B 
MC14599B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOS) 

8-BIT  ADDRESSABLE  LATCH 

MC14599B  WITH  BIDIRECTIONAL  PORT 


L  SUFFIX 

CERAMIC  PACKAGE 

case  eao 


PSUFFlJf 

plastic  package 

CASE  64 B 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  726 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  707 


ORDERING  INFORMATION 

A  Sorlea:  -55°C  to  +  125*C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40'Cto  +65'C 

MCMXXXBCP  (Plastic  Package! 
MCMXXXBCL  (Ceramic  Package) 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  ol 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  V|n  and  V0U{  should  be 
constrained  to  the  range  Vss  55  (vin  or 
Vout)  *  VDD. 

Unused  inputs  must  always  be  lied  to  an  ap- 
propriate logic  voltage  level  (e.g..  either  V55 
or  Vqo).  Unused  outputs  must  be  left  open. 
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ELECTRICAL  CHARACTERISTICS  (veitagos  Reterencod  to  vss) 


Vdd 

T|ow* 

26°C 

Thl 

gh* 

Characteristic 

Symbol 

Vdc 

Min    |  Max 

Min 

Typ* 

Max 

Min 

Max 

Unit 

vOL 

5.0 

- 

0.05 

— 

0 

0.06 

0.05 

Vdc 

Vin  ■  Vnn  or  0 

In        UU  w 

10 

- 

0.06 

— 

0 

0.06 

0.05 

15 

- 

0.05 

— 

0 

0.05 

0.05 

"1"  Level 

vOH 

5.0 

4.95 

- 

4.95 

5.0 

- 

Vdc 

Vjn  ■  0  or  vqo 

10 

9.95 

- 

a  as 

10 

— 

936 

15 

1435 

- 

14.95 

15 

- 

14.9S 



Input  Voltage                      T)  Lovol 



VIL 

Vdc 

(vq  ■  4.5  or  0,0  VdeJ 

5.0 

- 

1.5 

— 

2.25 

1.5 

1  5 

(VQ  ■  a.u  or  1  .U  VGCJ 

10 

- 

3.0 

- 

4.50 

3.0 

3.0 

(Vq  ■  T3.5  or  1 .5  Vdc) 

15 

- 

4.0 

- 

6.75 

4.0 

4.0 

"1"  Level 

vih 

(Vq  "  0.5  or  4.5  Vdc) 

5.0 

3.5 

- 

3.5 

2.76 

- 

3.5 

IV/  _      4  ft  . .  n  a  w-a.t 

(Vq  ■  1  .u  or  a.u  vac) 

10 

7.0 

- 

7.0 

5.50 

- 

7  0 

IVn  "1  fi  or  1 3  B  Vdkt) 

15 

11.0 

- 

11.0 

8.25 

- 

11.0 

Output  Drive  Current  (A  L  Device} 

'OH 

 7T— 

mAdc 

(Voh  "  2.5  Vdc)  Source 

5.0 

-3.0 

- 

-2.4 

-4.2 

- 

-1.7 

WoH  "  Vdc) 

5.0 

-0.64 

- 

-0.61 

-0.88 

- 

-0,36 

1V0H  "  9-6  Vdc) 

10 

-1.6 

- 

-1.3 

-2.25 

— 

-0.9 

(Vnu  -  1 3  S  Vde) 

15 

-4.2 

- 

-3.4 

-8.8 

— 

-2.4 

(Vql  "  0.4  Vdc)  Sink 

IOL 

5.0 

0.64 

- 

0.51 

0.88 

- 

0.36 

(Vqi_  a.B  veel 

10 

1.6 

1.3 

2.25 

0  9 

(Vol  *  15  vdc) 

15 

4  2 

3.4 

8.8 

2.4 



Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

I V0H  "  2-6  Vdc)  Source 

5.0 

-2.5 

2  1 

-4  2 

-1.7 

- 

(Voh -4-6  Vdc) 

5.0 

-0.52 

-0.44 

-0.88 

-0.38 

- 

(VOH -8.5  Vdc) 

10 

-1  3 

-1.1 

-2.2S 

_ 

-0.9 

- 

(VOH -13.5  Vdc) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

- 

(Vol  "  0-4  Vdc)  Sink 

'OL 

5.0 

0.52 

0.44 

0.88 

0.36 

- 

(v0L -0.6  vdc) 

10 

1.3 

1.1 

2.26 

0.9 

- 

(vol- '-5  vdc) 

15 

3.6 

3.0 

8.8 



2.4 

- 

Input  Current  (AL  Device) 

'in 

15 

tO  1 

10.00001 

•0.1 

- 

il.O 

uAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

t0.3 

iO.OOOOI 

±0.3 

_ 

t1.0 

MAdc 

Input  Cepscitsnctt 

**tn 

— 

6.0 

7.5 

_ 



pF 

(Vin  '  0) 

Input  Cepecitence 

Cjn 

- 

- 

15.0 

22.5 





pF 

MC145998— Data  (pin  3) 

IVjn  •  0) 

Quiescent  Current  (A  L  Device) 

'DD 

5.0 

5.0 

0.005 

5.0 

160 

MAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiewent  Current  (CL/CP  Device) 

■dd 

5.0 

20 

0.005 

20 

160 

MAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

60 

0.01S 

80 

600 

Totel  Supply  Currenft 

6.0 

lT-(1.6  MA/kHl)f  +  loD 

MAdc 

Dynamic  plus  Quiescent, 

10 

IT  "  (30  fiA/kH>)  f  ♦  IdD 

Per  Package) 

15 

lT-(4.6(iA/kHzlf  +  IDD 

(C|_  -  50  pF  on  ell  outputs. 

all  buffers  switching) 

"Tlcw-  -SS*C  for  AL  Device,  -40*C  for  CL/CP  Dovlco. 
Th*gh  "  +  125'C  for  AL  Dovlco.  +  85*C  tor  CL/CP  Dovlco. 

#Data  lobollod  "Typ"  is  not  to  bo  used  tor  design  purposes  but  Is 
Intended  as  en  Indication  of  the  IC's  potential  performance. 

•*Tho  formulas  given  ore  for  tho  typical  characteristics  only  at  25*C. 


tTo  calculate  total  supply  current  at  loads  other  than  SO  pF: 

HrfCJ  -  lj(50  pF)  +  <CL  -50)  Vfk 

whero:  lT  Is  In  jiA  (per  package),  CL  In  pF.  V  -  (VDD  -  V8fi)  In  volte, 
f  In  kHz  Is  Input  frequency,  end  k  -  0.004. 
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SWITCHING  CHARACTERISTICS  *  <CL  =  50  pF.  TA  =  25°CI 


V„D 

Characteristic 

Symbol 

Vdc 

Mln 

Typ# 

Max 

Unit 

Output  Rite  and  Foil  Time 

1TLH» 

TO 

<TLH.  «THL  °  11 J5  m/pF)  CL  +32  m 

«THL 

6.0 

_ 

100 

200 

ITLH.  «THL  "  (0.6  ni/pF)  Cl  +20  m 

10 

— 

60 

100 

>TLH.  <THL  "  10.4  ns/pF)  C|.  +20  tt> 

16 

— 

40 

BO 

Propagation  Delay  Time 

tpHL* 

ns 

Data  to  Output  Q 

tPLH 

5.0 

— 

200 

400 

10 

— 

76 

160 

16 

— 

60 

100 

Write  Disable  to  Output  Q 

5.0 



200 

400 

ni 

10 

— 

80 

ISO 

16 

— 

60 

120 

Reset  to  Output  O 

6.0 



176 

350 

ns 

10 

_ 

B0 

160 

16 

— 

66 

130 

CE  to  Output  O  (MCI  4B99B  only) 

5.0 

_ 

226 

450 

ni 

10 

— 

100 

200 

16 

_ 

76 

160 

Propagation  Deloy  Time,  MC145SBB  only 

*PHL» 

ns 

Chip  Enable,  Write/Reed  to  Data 

tPLH 

5.0 



200 

400 

10 

— 

60 

160 

16 

— 

65 

130 

Address  to  Data 

6.0 

_ 

200 

400 

ni 

10 

— 

B0 

180 

16 

— 

76 

150 

Pulse  Widths 

'w(H) 

ns 

Reiet 

6.0 

160 

76 



10 

76 

40 



16 

60 

26 



Write  Disable 

6.0 

320 

ISO 

ni 

10 

160 

80 

— 

16 

120 

60 

— 

Set  Up  Time 

<tu 

ns 

Data  to  Write  Disable 

6.0 

100 

60 

_ 

10 

60 

26 

— 

15 

36 

20 

— 

Hold  Time 

<h 

ni 

Write  Disable  to  Data 

6.0 

160 

75 

10 

76 

40 

15 

60 

26 

Set  Up  Time 

•su 

S.O 

too 

45 

ns 

Address  to  Write  Disable 

to 

80 

30 

IS 

40 

to 

Removal  Time 

'rem 

S.O 

0 

-60 

ns 

Write  Disable  to  Address 

10 

0 

-40 

15 

0 

-40 

The  formulas  gtvon  ara  for  tho  typical  characteristics  only  ol  2S*C. 


#Dola  laballsd  "Typ"  Is  not  to  bo  usod  for  doslgn  purposes  but  is 
Intortdod  as  an  indication  ol  tho  IC's  polonllat  porfarmanco. 
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MC140MS 
FUNCTION  DIAQHAM 


-Oil  Ot 


TRUTH  TABLE 


Writ! 

Addramd 

Uniddrtmd 

DlHbli 

Rntt 

Ltteh 

Lttehts 

0 

0 

Dcta 

On' 

0 

1 

Dttt 

RmtT 

1 

0 

<V 

Qn* 

1 

1 

Rntt 

Rntt 

*  Qn  li  prcvlcui  MM  of  ltteh. 
t  Rntt  to  tiro  strta. 


Data  o 
Write  Dlsablo 


'PLH 


Output  Q 


'TLH 


CAUTION:  To  avoid  unintentional  data  changes  In  the  latches, 
Write  Disable  must  be  active  (high)  during  transitions 
on  the  address  Inputs  AO,  A1,  and  A2. 


SWITCHING  WAVEFORMS 

 vDD 

■  vss 


«PHL 


■/■SOU,  \ 
jf  10%  T 


'THL 


'w(H) 


vss 


'PHL 


Output  a 


■  '«u   .  'h   


V0D 
VSS 
V00 
VSS 
VD0 

Vss 
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MC145998 
FUNCTION  DIAGRAM 


vss 


■«-[>-[> 

WrlM/Rud  10  O  f/"- 


Chlp  ac 
Enabla 


Oth*r  LatchM 


OH— 


-O  13  Q2 


— O  15  OA 

-o  is  as 


-O  17  Q8 
-O  1  07 


TRUTH  TABLE 


Chip 

Writ* 

Addraawd 

Othtr 

Data 

Ercsbta 

WrH*/Rad 

DbaM* 

Ron 

Latch 

Latches 

Pin 

0 

X 

X 

0 

• 

Z 

1 

1 

0 

0 

Data 

• 

Input 

1 

1 

1 

0 

Z 

1 

0 

X 

0 

• 

On 

X 

X 

X 

i 

0 

0 

z/o 

X  -Don't  COT. 

*   'No  Chang*  In  ftatt  of  latch. 

Z  *  High  impedance. 

On  "  Son  of  •ddreoed  latch. 


CAUTION:  To  avoid  unintentional  data  changes  in  the  latches,  Write  Disable  must  be  active  (high)  during  transi- 
tions on  the  address  Inputs  AO,  A1 ,  and  A2. 
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MC14S93B 
8WITCHIN0  WAVEFORMS 


1 


«PHL 


A2.  A1.  AO 


""^(-90* 
10% 


tTHL 
\ 


-'w(H)- 


E»TLH 


-  «PLH  . 


 : 

20nt-«r 


•'w(L)- 


■90% 


V 


»tpHL* 


  VDD 

  VSS 

  VDD 

  VSS 

  V0D 

 vss 


jF 


—  vDD 

VSS 

vss 


Data  Rod 


NOTE:  1.  Invalid  Data  Output 
2.  Ratal  In  LOW  Stan 
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HEX  SCHMITT  TRIGGER 

The  MC14106B  hex  Schmitt  Trigger  is  constructed  with  MOS  P-channel 
and  N-channel  enhancement  mode  devices  in  a  single  monolithic  struc- 
ture. These  devices  lind  primary  use  where  low  power  dissipation  and/or 
high  noise  immunity  is  desired.  The  MC14106B  may  be  used  in  place  ol 
the  MC14069UB  hex  inverter  tor  enhanced  noise  immunity  or  to  "square 
up"  slowly  changing  waveforms. 

•  Increased  Hysteresis  Voltage  Over  the  MC14584B 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

■  Capable  o(  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin-for-Pin  Replacement  tor  CD40106B  and  MM74C14 

•  Can  Be  Used  to  Replace  the  MC14584B  or  MC14069UB 


MAXIMUM  RATINGS*  (Voltages  Reterenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VOD 

DC  Supply  Voltage 

-0.5  to  +18.0 

V 

Vin.  Vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vqq  +  0  5 

V 

'in*  'out 

Input  or  Output  Current  (DC  or  Transiont).  per  Pin 

-10 

mA 

Power  Dissipation,  per  Packaget 

500 

mW 

Storage  Temperature 

-65  to  +  150 

■C 

Lead  Temperature  (8-Second  Soldering) 

260 

"C 

'Maximum  Ratings  are  those  values  beyond  which  damage  lo  the  device  may  occur. 
tTemperature  Deraling:  Plaslic  "P"  Package:  -  12mW/BC  from  65'C  to  65°C 

Ceramic  "L"  Package:  -  12mW/"C  Irom  100*C  to  125'C 


EQUIVALENT  CIRCUIT  SCHEMATIC 

<1/6  OF  CfRCUlT  SHOWN) 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to 
high  static  voltages  or  electric  fields.  However,  precautions  must  be 
taken  to  avoid  applications  ol  any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For  proper  operation,  Vm  and 
V0U|  should  be  constrained  to  the  range  Vgs  *  (Vm  or  Vou»)  <  Vqq. 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level 
(e.g..  either  V55  or  Vqq).  Unused  outputs  must  be  left  open. 


MC14106B 


CMOS  SSI 

(LOW-POWER  COMPLEMENTARY  MOS) 


HEX 

SCHMITT  TRIGGER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  632 


P  SUFFIX 
plastic  package 

CASE  646 


ORDERING  INFORMATION 

A  Series:  -55'Cto  +  12S*C 
MCMXXXBAL  (Ceramic  Package  Only) 

C  Series:  -40*C  to  +85*C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


LOGIC  DIAGRAM 


11 


13 


e 

-^X>  10 

-|^x>  fs 


Voo  =  Pin  14 
VSS  =  Pin  7 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referancod  to  Vgg) 


VDD 

•  * 
Tlow 

25*C 

Thigh* 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ# 

Mai 

Mln 

Max 

Unit 

Output  Voltage        "0"  Level 

vol 

5.0 

_ 

0.05 

_ 

0 

0.05 

_ 

0.05 

Vdc 

10 

— 

0.05 

- 

0 

0.05 

— 

0.05 

15 

— 

0.05 

— 

0 

0.05 

— 

0.05 

"1"  Level 

voh 

5.0 

4.9S 

4.95 

5.0 

4.95 

Vdc 

V|n  =  0 

10 

9.9S 

_ 

9.95 

10 

_ 

9.95 

_ 

15 

14.95 

- 

14.95 

15 

- 

14.95 

- 

Hysteresis  Voltage 

vHt 

5.0 

0.3 

2.0 

0.3 

1.1 

2.0 

0.3 

2.0 

Vdc 

10 

1.2 

3.4 

1.2 

1.7 

3.4 

1.2 

3.4 

15 

1.6 

5.0 

1.6 

2.1 

5.0 

1.6 

5.0 

Threshold  Voltage 

Positive-Going 

VT  + 

5.0 

2.2 

3.6 

2.2 

2.9 

3.6 

2.2 

3.6 

Vdc 

10 

4.6 

7.1 

4.6 

5.9 

7.1 

4.6 

7.1 

15 

6.6 

10.6 

6.8 

8.8 

10.8 

6.8 

10.8 

Negative-Going 

VT- 

5.0 

0.9 

28 

0.9 

1.9 

2.6 

0.9 

2.8 

Vdc 

10 

2.5 

5.2 

2.5 

3.9 

5.2 

2.5 

5.2 

15 

4.0 

7.4 

4.0 

5.8 

7.4 

4.0 

7.4 

Output  Drive  Current  (AL  Device) 

!OH 

mAdc 

(Voh°2-5  Vdc)  Source 

5.0 

-3.0 



-2.4 

-4.2 



1.7 



(VOH-4-6  Vdc) 

5.0 

-0.64 



-0.51 

-0.88 



0.36 



(VOH-9-5  Vdc) 

10 

-1.6 



-1.3 

-2.25 



0.9 



(Vqh-13-5  Vdc) 

15 

-4.2 

_ 

-3.4 

-6.8 

— 

2.4 

— 

(Vol -0-4  vdc)  sinl< 

lOL 

5.0 

0.64 



0.51 

0.88 



0.36 



mAdc 

(VOL-0.5  Vdc) 

10 

1.6 



1.3 

2.25 

_ 

0.9 

_ 

(Vol- i  s  vdc) 

15 

4.2 

_ 

3.4 

8.8 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

(VOH  =  2.5  Vdc)  Source 

5.0 

-2.5 

- 

-2.1 

-4.2 

- 

-  1.7 

- 

<vOH  =  4-8  v<fc) 

5.0 

-0.52 

-0.44 

-0.88 

-0.36 

(VOH-9.5  Vdc) 

10 

—  1 .3 

— 1.1 

-  2.25 

-0.9 

(Voh-13  5  Vdc) 

15 

-3.6 

-3.0 

-8.6 

-2.4 

(VOL"0  ''  Vdc)  Sink 

'OL 

5.0 

0.44 

0.88 

0.36 

mAdc 

(VQt-0.5  Vdc) 

10 

1.3 

1.1 

2.25 

0.9 

(Vol- 's  vdc) 

15 

3.6 

3.0 

6.6 

2.4 

Input  Current  (AL  Device) 

lin 

1S 

±0.1 

±0.00001 

±0.1 

±0.1 

liAdc 

Input  Current  (CUCP  Device) 

'in 

15 

— 

±0.3 

— 

±0.00001 

±0.3 

— 

±0.1 

liAdc 

Input  Capacitance 

C)n 

— 

— 

5.0 

7.5 

— 

— 

PF 

(V|n  =  0> 

Quiescent  Current  (AL  Device) 

<DD 

5.0 

0.25 

0.0005 

0.25 

_ 

7.5 

tiAdc 

(Per  Package) 

10 

O.SO 

0.0010 

0.50 



15 

15 



1.00 

0.0015 

1.00 

— 

30 

Quiescent  Current  (CL/CP  Device) 

Idd 

5.0 

1.0 

0.0005 

1.0 

7.5 

uAdc 

(Per  Package) 

10 

2.0 

0.0010 

2.0 

15 

15 

4.0 

0.0015 

4.0 

34 

Tolal  Supply  Current**t 

'T 

5.0 

If-(1.8  uA/kHz)  I  +  Iqo 

uAdc 

(Dynamic  Plus  Quiescent, 

10 

lT  =  (3.8  uA/kHz)  f+lDD 

Per  Package) 

15 

IT -(5.4  uA/kHz)  '  +  lDD 

(C|_°50  pF  on  atl  outputs, 

all  buffers  switching) 

"Tlow"  -SS'C  for  AL  Dovlco,  -40*C  tor  CL/CP  Dovico.  fTo  calculate  tolal  oupply  curront  at  loads  olhor  than  50  pF: 

Thlgh  "  +  125"c  tor  AL  Dovlco,  +  8S*C  tor  CL/CP  Dovlco. 

\j{C0  -  lT<50  pF)  +  <CL  -50)  Vfk 

#Dsto  (abollod  *'Typ"  Is  not  to  bo  usod  lor  design  purposes  but  (s 
Intended  as  an  Indication  of  tho  IC'a  potential  performance.  whore:  Ij  ts  In  >*A  (per  packago).  Cj_  In  pF.  V  -  (VDD  -  Vg.g.)  volts, 

I  In  kHz  Is  Input  fraquoncy,  and  k  -  0.001. 
"Tho  formulas  given  ar.  lor  tho  typical  characteristic*  only  at  25'C.  ^  =  Vy+  _  Vj  _  (Bu,  maMmum  va,iatlon  of  VH  Is  spocillod  as 

less  than  VT  +  max-VT-min). 
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SWITCHING  CHARACTERISTICS  (CL-50  pF.  TA-25-Q 


Characteristic 

Symbol 

vdo 
Vdc 

Mln 

Typo 

Max 

Unit 

Output  Rise  Time 

'TLX 

5.0 

— 

100 

200 

ns 

15 

40 

80 

Output  Fall  Time 

'THL 

5.0 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Propagation  Delay  Time 

IPLH-  'PHL 

5.0 

125 

250 

ns 

10 

50 

100 

15 

40 

80 

#0ata  labelled  "Typ"  Is  not  to  be  used  (or  design  purposes  but  Is  Intended  as  an  Indication  ol  the  IC's  potential  performance. 


FIGURE  1  —  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


•  90S 

Output  \  50% 

10% 


Input  i—  90%  ^ 

1 


'DO 

vss 


RGURE  2  —  TYPICAL  TRANSFER  CHARACTERISTICS 


«00 


Vt-  vt. 
vh  H— 

V;„.  INPUT  VOLTAGE  IVdc) 

APPLICATIONS 


— !  \  i  vss 


I  I 


(a)  Schmitt  Triggers  will  square  up 
inputs  wllh  stow  rise  and  fall  times. 


(b)  A  Schmltt  trigger  offers  maximum 
nolso  immunity  In  gate  applications. 
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FIGURE  4  —  MONOSTABLE  MULTIVIBRATOR 


O 


Rs 

• — wv 


-4*h- 

Vout 


Useful  as  Pushbutton/Keyboard  Debounce  Circuit. 

FIGURE  5  —  ASTABLE  MULTIVIBRATOR 


V0D  -  VT  + 


_-RC  In 
I 


frvpp  -  Vt-V  VT  +  \] 
|\V00  -  vT+A  VT- 7j 


•t|+t2  »  tpHL  +  'PLH 


VDD 
O 


* — wv 


Vout 


VT  + 


RGURE  S—  INTEGRATOR 


V|N  WV 


vOUT 


vDD 


rJlLRTLL 


vTss^vwW 


VDD 

vout  vt+ 
vss- 


Useful  In  discriminating  against 
short  pulse  durations. 


FIGURE  7  —  DIFFERENTIATOR 


FIGURE  8  —  POSITIVE  EDGE  TIME  DELAY  CIRCUIT 


VtN 


VtN_rLfLn_ 
1 1 1 1 1 1 

■  *  i  *  i ' 

JJIlM 


-edge 


+edgo 


-O  vD0 


VDD 
VT  + 


VtN 


i 


Useful  as  an  edge  detector  circuit. 
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CMOS  MSI 


SYNCHRONOUS  PRESETTABLE  4-BIT 
COUNTERS 

The  MC14160B  -  MC14163B  are  synchronous  programmable 
counters  constructed  with  complementary  MOS  P  Channel  and 
N-Channel  enhancement  mode  devices  in  a  single  monolithic  struc- 
ture. These  counters  are  functionally  equivalent  to  the  74160- 
74163  TTL  counters. 

Two  are  synchronous  programmable  BCD  counters  with  asynchronous 
and  synchronous  clear  inputs  respectively  (MC14160B.  MC14162B).  The 
other  two  are  synchronous  programmable  4-bit  binary  counters  with  the 
asynchronous  and  synchronous  clear  respectively  (MC14161B, 
MC14163B). 


Internal  Look-Ahead  for  Fast  Counting 

Carry  Output  for  N-Bit  Cascading 

Synchronously  Programmable 

Synchronous  Counting 

Load  Control  Line 

Synchronous  or  Asynchronous  Clear 

Positive  Edge  Clocked 


MAXIMUM  RATINGS*  (Voltages  Relorenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0  5  to  +  18.0 

V 

Vin.  VouI 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  VDD  -t-0.5 

V 

'in-  'oul 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±  10 

mA 

PD 

Power  Dissipation,  per  Package-t 

500 

mw 

Tslo 

Storage  Temperature 

-65  to  +  150 

■c 

T|_ 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

"Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Doratlng:  Plastic  "P"  Package:  -12mW/*C  from  65"C  to  85"C 

Ceramic  "L"  Package:  -  12mW/°C  from  1008C  to  125°C 


This  device  contains  proteclion  circuitry  to  guard  against  damage  due 
to  high  static  voltages  or  electric  fields.  However,  precautions  must  be 
taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For  proper  operation.  Vjn  and 
Voui  should  be  constrained  to  the  range  Vss  *"  (vin  or  vout>  55  VDD- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level 
(e.g..  either  Vss  or  VDD)-  Unused  outputs  must  be  left  open. 


MC1416QB 

BCD  COUNTER 
with  Asynchronous  Clear 

MC14161B 

4-BIT  BINARY  COUNTER 
with  Asynchronous  Clear 

MC14162B 

BCD  COUNTER 
with  Synchronous  Clear 

MC14163B 

4-BIT  BINARY  COUNTER 
with  Synchronous  Clear 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  64B 


ORDERING  INFORMATION 

A  Series:  -  55'C  to  -fl25*C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40°C  10  +  BS'C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceiamlc  Package) 


BLOCK  DIAGRAM 

PE 

□  1 

 O  14 

10  o  

TE 

1  o  

citSi 

Q2 

 O  13 

1  0  

Cm 

2  O  

ClOCk 

03 

 0  U 

PI 

4  O  

pa 

at 

P3 

N 

Oul 

 O  15 

in  16 

vss- 

me 
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ELECTRICAL  CHARACTERISTICS  (Voitagoa  Roforoncod  to  vss) 


VdD 

Tlow" 

25°C 

Th«h" 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Ma> 

Min 

Mil 

Unit 

Output  Vol  1394                "0"  Level 

Vol 

5  0 

— 

0  05 

-  - 

0 

0.05 

— 

0  05 

Vdc 

Via'Vnn  Or  0 

"in  vuu 

10 

— 

0.05 

— 

0 

005 

— 

0.05 

15 

— 

0.05 

-  • 

0 

0.05 

— 

0.05 

"V  Level 

Voh 

SO 

4  95 

— 

4.95 

5.0 

— 

4.95 

— 

Vdc 

V|n  b  0  or  Vqq 

10 

9.95 

— 

9.95 

10 

— 

9.95 

— 

14.95 

— 

14.9S 

15 

— 

14.95 

— 

Input  Voltage                    "0"  Level 

VIL 

Vdc 

(Vo-4.5  or  O.S  Vdc) 

5.0 

— 

1  5 

— 

2.25 

1.5 

— 

15 

(Vq-9.0  or  1.0  Vdc) 

10 

— 

30 

— 

4.50 

3.0 

— 

3  0 

15 

— 

4.0 

— 

6.75 

4.0 

— 

4.0 

"1"  Level 

VIH 

5.0 

3  5 

— 

3  5 

2.75 

— 

3.5 

— 

Vd 

C 

(Vo- 1.0  or  9.0  Vdc) 

10 

7  0 

— 

70 

550 

— 

7.0 

— 

(Vo-1.5  or  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 

— 

11.0 

— 

„  — -  .  ;  

uutput  urtve  Lurre/it  ial  uevfCO/ 

'OH 

M 

5  0 

-3.0 

— 

-2.4 

-4.2 

— 

-1.7 

— 

IUniJ  odfi  Vclrl 

5.0 

-064 

— 

-051 

-0.88 

— 

-0.36 

— 

'V0H  53  9-5  Vdcl 

10 

-1.6 

— 

-1.3 

-2.25 

— 

-0.9 

fVOHs13.5Vdcl 

15 

-4.2 

-3.4 

-8.8 

-2.4 

JV/t.  >afl4  Vffel  Sink 

'OL 

5  0 

064 

— 

0.51 

0.88 

— —  

0.36 

mAdc 

IVol  =0.5  Vdc  > 

10 

1.6 

1  3 

2.25 

0.9 

IVol-1-5  Vdcl 

15 

4.2 

3  4 

8.6 

2.4 

Output  Drive  Current  {CL/CP  Devicel 

'OH 

mAdc 

(V0h  =  2.S  Vdc)  Source 

5.0 

-2.5 

-2.1 

•  4.2 

-1.7 

(V0H=  4.6  Vdcl 

50 

-0  52 

-0.44 

-0.88 

-0.36 



(VoH-9-SVdcl 

10 

-1 J 

_ 

-1.1 

-2.25 

_ 

-0.9 



IV0H=  13.5  Vdcl 

15 

-36 



-3.0 

-8.8 



-2.4 



(Vql  =  0.4  Vdcl  S,nk 

•OL 

5.0 

0  52 

_ 

0.44 

0.88 

_ 

0.36 

_ 

mAdc 

1  vol  -0.5  vdcl 

to 

1.3 

1.1 

2.25 



0.9 



(V0L=  1.5  Vdcl 

15 

3.6 



3.0 

8.8 



24 



Input  Current  (AL  Device) 

■in 

15 

:  0  1 

1 0.00001 

10  1 

tl.O 

MAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

t  0  3 

•0  00001 

♦03 

1 1  0 

uAdc 

Input  Capacitance 

Cin 

„ 

— 

— 

50 

7.5 

pF 

(V,„=0I 

Quiescent  Current  (AL  Device) 

■do 

5  0 

5  0 

0.005 

SO 

150 

(Per  Package) 

to 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Qutetcent  Current  (CL/CP  Devicel 

■do 

5.0 

20 

0.005 

20 

150 

MAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

IS 

80 

0.015 

80 

600 

Total  Supply  Current*  *  1 

■t 

5.0 

lj  =  (0.56  (lA/kH*)  1  ♦  lDD 

uAdc 

(Dynamic  plus  Quiescent, 

10 

lj  =  0.1    «A/kH*|  1  ♦  lDD 

Per  Package) 

IS 

lT  =  (1S    liA/kHll  1  t  l00 

(Cl-  50  pF  on  all  outputs,  all 

buffers  switching) 

*Tt0W-  -  S5*C  for  AL  Dovico,  -40*C  for  CL/CP  Dovico.  fTb  calculate  total  supply  cu front  at  toads  othor  than  50  pP: 

Thlgh"  +  12S*C  lor  AL  Dovico,  +8S'C  lor  CL/CP  Dovico. 

■t<cl>  -  'tISO  pf)  +  t^L  -*»  Vlh 

#Data  (■boiled  "Typ"  Is  not  to  bo  usod  lor  doslgn  purposos  but  Is 
intonded  as  an  Indication  of  tho  IC's  potontlal  porformanco.  whore:  If  Is  In  >iA  (per  packogo),  C|_  In  pP,  V  -  (Vqd  -  Vgg)  in  volts. 

f  In  KHz  is  Input  frsquoncy,  and  k  ■  0.001. 

"Tho  formulas  gtvon  oro  for  tho  typical  characteristics  only  at  2S*C. 


PIN  ASSIGNMENT 


~W 

i  r= 

Clear 

VDD 

— )  16 

2  t= 

Clock 

Carry  Out 

=  16 

3  t= 

PI 

Ol 

=31* 

4  cz 

P2 

Q2 

=  13 

s  en 

P3 

Q3 

312 

sc 

P4 

04 

311 

7  CZ 

PE 

TE 

=  10 

8  C= 

vss 

Load 

=39 
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SWITCHING  CHARACTERISTICS  (CL-50  pF,  TA-25'C) 


Vnn 

Charectorlatlc 

8ymbol 

Vdo 

Mln 

Typ# 

Mai 

Unit 

Output  Rtas  Ttma 

'TLH 

na 

S.O 

— 

100 

200 

10 



50 

100 

IS 



40 

60 

Output  Fall  Time 

'THL 

na 

5.0 

100 

200 

10 

50 

100 

15 

40 

60 

Propagation  Delay  Tlmo 

*PLH* 

na 

*PHL 

Clock  to  0 

(PLH-  IpHL^t0-90  ns/pF)  C|.  +  305  ns 

5.0 



350 

700 

tpLH.  >PHL"(°-38  na/pF)  Ci_  +  132  na 

10 



150 

300 

tpLH.  tpHL=C-28  ns/pF)  CL  +  8?  na 

15 



100 

200 

Clock  to  Carry  Out 

tPLH>  tpHL=(O.SO  na/pF)  C|.+39S  na 

5.0 

_ 

440 

880 

fPLH-  tfHLDl0-38  na/pF)  Ci  + 167  na 

10 

— 

185 

370 

tpLH.  tpHL~l0  28  na/pF)  Cl+  112  na 

15 

— 

125 

250 

TE  to  Carry  Out 

!PLH-  tPHL"(0*80  na/pF)  C^+225  na 

5.0 

— 

300 

600 

fPLK>  ipHL  ""10-38  na/pF)  Cl+  1 12  na 

10 

— 

130 

260 

lPLH>  *PHL™l°-26  na/pF)  Cl+77  na 

15 

90 

180 

Clear  to  Q  (MC14106B,  MC14161B  only) 

1PLH>  *PHL=  (0*90  na/pF)  C|_+ 1 10  na 

5.0 

— 

350 

700 

tpLH-  'PHL=<°-38  na/pF)  C|_+37  na 

10 

150 

300 

tPLH*  tpHL"*(0.26  na/pF)  C|.+22  na 

15 

100 

200 

Setup  Times 

Data  to  Clock 

<au 

5.0 

320 

160 



na 

10 

130 

65 



15 

90 

45 

— 

Load  to  Clock 

5.0 

800 

300 

— 

10 

260 

130 

15 

160 

90 

Enable  to  Clock  (PE  or  TE) 

5.0 

420 

210 

10 

170 

85 

15 

120 

60 

- 

Clear  to  Clock  (MC14162B,  MC14163B  only) 

5.0 

310 

155 

10 

110 

55 

15 

70 

35 

Hold  TEmaa 

Clock  to  Data 

>h 

5.0 

-10 

-eg 

_ 

n8 

10 

-5 

-25 

- 

15 

0 

-15 

Clock  to  Load 

5.0 

-40 

-195 

10 

-10 

-80 

- 

15 

-5 

-SO 

— 

Clock  to  PE 

5.0 

-40 

-175 

_ 

10 

-10 

-70 



15 

0 

-40 

- 

Clock  to  TE 

5.0 

-150 

-280 

— 

—  30 

15 

-20 

-60 

Clock  to  Clear  (MC14162B.  MC141S3B  only) 

S.O 

60 

40 

10 

30 

15 

IS 

-10 

-70 

Clear  Removal  Time  (MC14160B,  MC14161B  only) 

'rem 

5.0 

90 

30 

n8 

10 

65 

20 

15 

55 

20 
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MC14160B  thru  MC14163B 


SWITCHING  CHARACTERISTICS  (CL-SO  pF,  TA-2S'C)  (Continued) 


vOD 

Charaetorlatlc 

Symbol 

Vde 

Mln 

Typ  # 

Max 

Unit 

Clear  Pulse  Width,  Low  (MC14160B,  WC14181B  only) 

*WL 

5.0 

200 

100 

ns 

10 

90 

45 

_ 

15 

60 

30 

— 

dock  Pubo  Width,  High 

*WH 

S.O 

250 

125 

ns 

10 

100 

SO 

IS 

70 

35 

Clock  Rise  and  Fail  Time 

'f, 

s 

15 

tis 

'1 

10 

5 

IS 

4 

Clock  Pulse  Frequency 

'cl 

S.O 

2.0 

1.0 

MHz 

10 

5.0 

2.S 

IS 

8.0 

4.0 

"Tho  formulas  gjvon  are  for  the  typical  characteristics  only  at  2S*C. 


#Dsta  labelled  "Typ"  Is  not  to  be  used  for  design  purposos  but  Is 
Intended  aa  an  Indication  of  tho  EC's  potential  performance. 
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MC14160B  thru  MC14163B 


SWITCHING  WAVEFORMS 


FUNCTIONAL  DESCRIPTION 


These  counters  are  fully  programmable;  that  is  the 
outputs  may  be  preset  to  either  level.  As  presetting  is 
synchronous,  setting  up  a  low  level  at  the  load  input  dis- 
ables the  counter  and  causes  the  outputs  to  agree  with 
the  setup  data  after  the  next  clock  pulse  regardless  of 
the  levels  of  the  enable  inputs.  The  clear  function  for  the 
MC14160B,  MC14161B  is  asynchronous  and  a  low  level 
at  the  clear  input  sets  all  four  of  the  flip-flop  outputs  low 
regardless  of  the  levels  of  the  clock,  load  or  enable  in- 
puts. The  clear  (unction  for  the  MC14162B  and 
MC14163B  is  synchronous  and  a  low  level  at  the  clear 
inputs  sets  all  four  of  the  flip-flop  outputs  low  after  the 
next  clock  pulse,  regardless  of  the  levels  of  the  enable 
inputs.  This  synchronous  clear  allows  the  count  length 
to  be  modified  easily;  decoding  the  maximum  count  de- 


sired can  be  acompllshed  with  one  external  NAND  gate. 
The  gate  output  is  connected  to  the  clear  input  to  syn- 
chronously clear  the  counter  to  0000  (LLLL). 

The  carry  look-ahead  circuitry  provides  for  cascading 
counters  for  n-bit  synchronous  applications  without 
additional  gating.  Instrumental  in  accomplishing  this 
function  are  two  count-enable  inputs  and  a  carry  output. 
Both  count-enable  inputs  (PE,  TE)  must  be  high  to  count, 
and  enable  input  TE  fed  forward  to  enable  the  carry 
output.  The  carry  output  thus  enabled  will  produce  a 
positive  output  pulse  with  a  duration  approximately 
equal  to  the  positive  portion  of  the  Q1  output.  This  posi- 
tive overflow  carry  pulse  can  be  used  to  enable  successive 
cascaded  stages. 
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MC14160B  thru  MC14163B 


MC14160B.  MIC141B2B  LOGIC  DIAGRAM 
(Clear  it  synchronous  for  MC14162B) 
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MC14160B  thru  MC14163B 


MC141608,  MC14t62B  TIMING  DIAGRAM 


Sequence  Illustrated  In  waveforms: 

1.  Clear  outputs  to  zero. 

2.  Prwt  to  BCD  •even. 

3.  Count  to  eight,  nine,  zero,  one,  two,  and  three. 

4.  Inhibit 


Clear  (MC141608)  - 


Our  (MC14162B)  • 


P2— r 

P3-T 


Pd  - 

aock  (MC14160B)  - 
Clock  (MC14182B)  - 


Ol  - 


\    |  {Asynchronous) 


Outputs  < 


Q2  

Q3  

„  Q4  .  


Carry  _ 

Out 


(Synchronous) 


i_r 


i/T_njnj~u~LTiJTJ^JTJijn_r 
iJnJnJrjnjijijnjiJijnj-^^ 


ITT 


I  17  IS 


31 
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MC14160B  thru  MC14163B 


MC14161B.  MCM163B  LOGIC  DIAGRAM 
(Om  is  Synchronous  lor  MC14163B) 
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MC14160B  thru  MC14163B 


MC14181B,  MC14163B  TIMING  DIAGRAM 


Saquanca  illuttratad  tn  wavaforrm: 

1 .  Ctaar  output*  to  ztro. 

2.  Pr*Mt  to  binary  twelva. 

3.  Count  to  thlrtaan.  lourtaan,  fi(ts«n,  zefo,  orw.  and  two, 

4.  Inhibit 


Claar  (MC14161B)  • 
Claar  IMC14163BI  ■ 
Load  • 


Data  . 
Inputs  ^ 


3-T 


►4 

Clock  (MC141S1B)  - 
Clock  IMC141S3B)  • 


_r 


|     j  (Asynchronous) 


Outputs  < 


((Synchronous) 

l_l  


uiJijnjnjiJiJi_njnji^^ 
unJiJijnjnjiJijnjij-^^ 


|12     |13     14  15 

I        I        \~  i 

Clear  Pr«s*t 
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MOTOROLA 


HEX  TYPE  D  FLIP-FLOP 

The  MC14174B  hex  type  D  flip-flop  is  constructed  with  MOS  P- 
channel  and  N-channel  enhancement  mode  devices  in  a  single  mono- 
lithic structure.  Data  on  the  D  inputs  which  meets  the  setup  time 
requirements  is  transferred  tothe  Q  outputs  on  the  positive  edge  of 
the  clock  pulse.  All  six  flip-flops  share  common  clock  and  reset  in- 
puts. The  reset  is  active  low,  and  independent  of  the  clock. 

•  Static  Operation 

•  All  Inputs  and  Outputs  Buffered 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-Power 
Schotlky  TTL  Load  over  the  Rated  Temperature  Range 

•  Functional  Equivalent  to  TTL  74174 


MAXIMUM  RATINGS'  (Vollagos  Relerenccd  to  yss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0  5  to  -  18  0 

V 

v,«.  vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-  0  5  to  Vqq  +05 

V 

'in-  'out 

Input  or  Output  Current  (DC  Or  Transient),  per  Pin 

i  10 

mA 

Pd 

Power  Dissipation,  per  PackagoT 

500 

mW 

Tslg 

Storage  Temperature 

-  65  to  *  150 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

•Maximum  Ratings  are  those  values  oeyono*  which  damage  to  the  device  may  occur 
tTemperature  Derating    Plastic  '  P   Package   -  12mW/'C  from  65"C  to  85*C 

Ceramic  V  Package   -  12mW/eC  from  100"C  to  125'C 


TRUTH  TABLE 
(Postiv*  Louie) 


INPUTS 

OUTPUT 

Clock 

Date 

R*Mt 

a 

0 

1 

0 

1 

1 

1 

X 

1 

Q 

X 

X 

0 

0 

X  -  Don't  Care 

No 

Change 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid  applica- 
tions of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and  Vout  should  be  constrained  to  the  range  Vss 
«  (V|n  or  Vout)  «  VDD. 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either 
Vss  or  VDD)-  Unused  outputs  must  be  left  open. 


MC14174B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOS) 

HEX  TYPE  D  FLIP-FLOP 


L  SUFFIX 

CE  RAMIC  PACK  AGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -  5S*C  to  +  1 25*C 

MCMXXXBAL  (Ceramic  Package  Only) 

C  Series:  -40°Cto  +85°C 
MC 14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 

SO  

Clock  Q0 

1  o  

30  

Reset 

Q1 

□0 

 O  6 

D1  Q2 

 O  7 

a  O  

t"  Q3 

 O  10 

11  o  

130  

D3 

 O  13 

M  O  

D5  Q5 

— o  it 

VOD  -  Pin  16 
Vss  -  Pin  8 
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ELECTRICAL  CHARACTERISTICS  (Voiiaoea  Roloroncod  to  vss) 


V00 

Tie 

m' 

26°C 

w 

Characteristic 

Symbol 

Vdc 

Min 

Maa 

Min 

Typ  # 

Max 

Min 

— ^1 — 

Unit 

Oil  1  Alt  1  Voltatl*                               "O"  1  MkMtl 

WOL 

5.0 

0  05 

— 

0 

0.05 

— 

0.05 

Vdc 

Vi„  -  Vnn  or  0 

in  uu 

to 

0.05 

— 

0 

0.05 

— 

0.05 

15 

0.05 

— 

0 

0.05 

0.05 

"1 "  Level 

Urn. 

vOH 

5  0 

4  95 

4.95 

S.O 

4.95 

— 

Vdc 

V  i« 11 0  or  Vnr> 

in 

10 

935 

9.95 

10 

9.95 

— 

15 

1435 

1455 

15 

14.95 

— 

Input  Voltage                     0  Love  I 

VIL 

Vdc 

ivq  31  *».&  or  u.d  vocf 

D.U 

1 .5 

— 

2.25 

1.5 

— 

1.5 

IVQ  ™  g.U  or  1  .U  VOCJ 

10 

33 

— 

4.50 

3.0 

— 

3.0 

IVQ  ■  1 J -3  Of  1  J)  VOCJ 

15 

4  0 

6.75 

4.0 

4.0 

"1"  Level 

V|H 

(V*o"0.5  or  4.5  VdcJ 

5.0 

35 

3  5 

2.75 

3.5 

Vdc 

IVq  « 1.0  or  9.0  Vdc) 

10 

73 

_ 

7.0 

5.50 

7.0 

»V0  -1.5  or  13.5  Vdc) 

15 

11.0 



.  11.0 

8.25 

11.0 

Output  Drive  Current  (AL  Device) 

.  — 
'OH 

mAdc 

(Vqh  "  2.5  Vdc)  Source 

5.0 

-3.0 

-2.4 

-4.2 

— 

-1.7 

IVOH  "4.6  Vdc) 

5.0 

-0.64 

-0.51 

-038 

-0.36 

(Vqh  "95  Vdcl 

10 

-1.6 

_ 

-1 .3 

-2  25 

-0.9 

IVoH-13-SVocl 

15 

-4.2 



-3  4 

-8  8 

-2.4 

(Vol  *  0.4  Vdc)  Sink 

5.0 

0.64 

0.51 

0.88 

0.36 

mAdc 

IVoL-0.SVdcl 

10 

1.6 



1  3 

2.25 

0.9 

(VQL-ISVdcl 

15 

4.2 

_ 

3.4 

88 

z. 

2.4 

Output  Drive  Current  (CL/CP  Device) 

■oh 

mAdc 

IVoH~2.5Vdcl  Source 

5.0 

-25 

— 

-2.1 

•4.2 

_ 

-1.7 

IV0H-4-8Vdcl 

5.0 

-0.52 

— 

-0.44 

-038 



-0.36 



IVOH  -9.5  Vdc) 

10 

-1 J 

— 

-1.1 

-2.25 



-OS 

IVOH  "  135  Vdc) 

15 

-3j6 

— 

-3.0 

-83 

— 

-2.4 



(VOL  "0.4  Vdc)  s'nk 

•OL 

5.0 

0.52 

— 

0.44 

0.88 



0.36 



mAdc 

(Vol -0.5  v<*> 

10 

1.3 

— 

1.1 

2.25 



0.9 



(Vol~ '-5  vdc) 

15 

3.6 

3.0 

8.8 



2.4 



Input  Current  (AL  Device  1 

tin 

15 

— 

•-0  1 

10.00001 

10  1 

- 

sl.0 

MAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

— 

10.3 

10.00001 

10  3 

£1.0 

MAdc 

Input  Capacitance 

c,„ 

50 

7.5 

pF 

Win  "  01 

Quiescent  Current  (AL  Device) 

. 

'DD 

5.0 

5.0 

0.005 

50 

150 

~*jAdc~ 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

■DO 

5.0 

20 

0.005 

20 

150 

jjAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current* *t 
(Dynamic  ptus  Quiescent, 

'T 

5.0 
10 

IT  *  (MfA/kHjII*  |0„ 
lTM2JPA/kHi)l»  |0D 

fiAdc 

Per  Package) 

IS 

>J  =  (3.7  iiA/kHz)  1  ♦  lDD 

(Cl  -  50  pF  on  alt  outputs,  all 

bufferi  switching) 

"Tlcw"  -65*CforALOevlco.  -40*C  for  CL/CP  Device. 
TWgh-  +         ,0f  AL  Device.  +S5"C  for  CL/CP  D«vfco. 

#Data  labelled  "Typ"  la  not  to  bo  used  for  design  purposes  but  Is 
Intended  es  an  Indication  of  tho  IC's  potential  performance. 


"The  formulae  given  ore  for  tho  typical  characteristics  only  at  2S*C. 
tTo  calculate  total  supply  current  el  loads  other  than  50  pF: 

It(Cl)  -  lT<fi0  Pp)  +  <CL  -  SO)  Vfk 

whero:  \j  Is  In  i*A  (per  package).  CL  In  pF.  V  -  (VoQ-Vgg)  In  volts, 
f  In  kHz  is  Input  frequency,  and  k  -  0.003. 
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MC14174B 


SWITCHING  CHARACTERISTICS'  [CL  =■  60  pF,  TA  =  25°C) 


All  Types 

Characteristic 

Symbol 

Vdc 

Mln 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Time 

tTLH.  tTHL 

ns 

TLHi  ITHL  ~  (1-35  ns/pF)  Cl  +  32  na 

S.0 



100 

200 

TIW  THL  ■*  (0  6  ns/oF)  Cl  +  20  ns 

10 



50 

too 

TLB  *THL  =  (0  *  ns/pF)  Cl  +  20  ns 

15 

— 

40 

80 

Propagation  Delay  Time  —  Clock  to  O 

IPLH.  tPHL 

ns 

•PLH.  'PHL  =  (09  ns/pF)  Cl  +  185  ns 

5.0 



210 

400 

•PLH.  IPHL  =  (0.38  ns/pF)  Cl  +  64  ns 

10 

— 

85 

160 

tPLH  tPHL  =  (0.26  ns/pF)  Cl  +  52  ns 

15 

65 

120 

Propagation  Delay  Time  —  Reset  to  Q 

'PHL 

ns 

<PHL  =  (C9  ns/pF)  Cl  +  205  ns 

5.0 

— 

250 

500 

tpHL  =  (0-36  ns/pF)  Cl  +  79  ns 

10 

— 

100 

200 

tPKL  n  (026  ns/pF)  Cl  +  62  ns 

15 

— 

75 

150 

dock  Pulse  Width 

tWH 

5.0 

150 

75 

— 

ns 

10 

90 

45 

— 

15 

70 

35 

— 

— — — — — — ^— ^— 

Reset  Pulse  Width 

tWL 

5.0 

200 

100 

— 

ns 

10 

100 

50 

15 

BO 

40 

— 

Clock  Pulse  Frequency 

<cl 

5.0 

— 

7.0 

2.0 

MHz 

10 

— 

12.0 

5.0 

15 

— 

15.5 

6.5 

Clock  Pulse  Rise  and  Fall  Time 

tTLH.  tTHL 

5.0 

1.5 

cs 

10 

5.0 

IS 

4.0 

Data  Setup  Time 

■su 

5.0 

40 

20 

ns 

10 

20 

10 

15 

15 

0 

8 

Data  Hold  Time 

th 

5.0 

80 

40 

ns 

10 

40 

20 

15 

30 

15 

Reset  Removal  Time 

trem 

5.0 

250 

125 

ns 

10 

100 

50 

15 

60 

40 

"The  formulas  given  are  for  the  typical  characteristics  only  at  25°C. 

#Dala  labelled  "Typ"  is  not  to  be  used  lor  design  purposes  but  is 
Intended  as  an  indication  of  the  IC's  potential  performance. 


PIN  ASSIGNMENT 


1 1 — 

IT 

=3  16 

2t= 

Q0 

as 

=  16 

31= 

DO 

oe 

=114 

4  CZ 

D1 

04 

=□13 

51= 

CM 

Q4 

=312 

6  1= 

D2 

D3 

=311 

7  cr 

Q2 

OS 

=310 

8  C= 

vss 

c 

=39 

6-191 


MC14174B 


FUNCTIONAL  BLOCK  DIAGRAM 


6  11  13 

Dl9  02  9  030  04  4 


r°  C  D  Q  -I 


'  "—{>--[>- 

,0  [>  

Hock 


i-C  C  _  0  -1  pOC_5 


Y  Y  Y  Y  Y  Y 
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MaTGROLA 


QUAD  TYPE  D  FLIP-FLOP 

The  MC14175B  quad  type  D  flip-flop  is  constructed  with  MOS  P- 
channel  and  N-channel  enhancement  mode  devices  in  a  single  mono- 
lithic structure.  Each  of  the  four  flip-flops  is  positive-edge  triggered 
by  a  common  clock  input  <C) .  An  active-low  reset  input  (R)  asyn- 
chronously resets  all  flip-flops.  Each  flip-flop  has  independent  Data 
(D)  inputs  and  complementary  outputs  (Q  and  Q).  These  devices 
may  be  used  as  shift  register  elements  or  as  type  T  flip-flops  for 
counter  and  toggle  applications. 

•  Complementary  Outputs 

•  Static  Operation 

•  All  Inputs  and  Outputs  Buffered 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Output  Compatible  with  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load 

•  Functional  Equivalent  to  TTL  74175 


MAXIMUM  RATINGS*  (Voltages  Rolcroncod  1o  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDD 

DC  Supply  Voltage 

-  0.5  to  *  18  0 

V 

v,„.  vou. 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  10  VDD  -  0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  por  Pin 

I  10 

mA 

PD 

Power  Dissipation,  por  Packagot 

500 

mW 

Tstq 

Storage  Temperature 

-  65  to  -  150 

•c 

TL 

Load  Temperature  (8-Socond  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
t  Temperature  Derating    Plaslic  "P"  Package      l2mW/°C  Irom  65°C  10  85  C 

Ceramic   L  '  Package      t2mW'°C  Irom  100  C  to  125JC 


MC14175B 


CMOS  SSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

QUAD  TYPE  D  FLIP-FLOP 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Sorlos:  -55*Cto  +  125'C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Sorlos:  -40°Cto  +85"C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

Clock 

Data 

Reset 

O 

O 

0 

1 

0 

1 

1 

1 

1 

0 

X 

1 

Q 

Q 

X 

X 

0 

0 

1 

X  ■  Don't  Care 

No 

Change 


This  device  contains  protection  cir- 
cuitry to  guard  against  damage  due  to 
high  static  voltages  or  electric  fields. 
However,  precautions  must  be  taken 
to  avoid  applications  of  any  voltage 
higher  than  maximum  rated  voltages 
to  this  high-impedance  circuit.  For 


proper  operation.  V|n  and  VOU|  should 
be  constrained  to  the  range  V55  < 
(v*in  or  Vout)  *  VDD. 
Unused  inputs  must  always  be  tied  to 
an  appropriate  logic  voltage  level 
(e.g..  either  Vss  or  VDD)-  Unused  out- 
puts must  be  left  open. 


BLOCK  DIAGRAM 

Clock 

Q0 

2 

1  O — C 

RlMt 

Q0 

3 

al 

7 

□  0 

6T 

8 

Dl 

Q2 

10 

02 

 O 

11 

ISO  

D2 

16 

an 

11  O  

D3 

53 

14 

-  Pin  16 

-  Pin  8 

6-193 


MC14175B 


ELECTRICAL  CHARACTERISTICS  (Veitegos  Roforonead  to  vss) 


v00 

Tie 

PW* 

2S°C 

Th 

Characteristic 

Symbol 

Vdc 

Min 

Mam 

Min 

Typ# 

Mam 

Min 

Mam 

Unit 

Output  Voltage              "0"  Level 

vOL 

5.0 

_ 

0.05 

0 

0.05 

— 

0.05 

Vdc 

Vin-V0DOrO 

10 

_ 

0.05 

0 

0.05 

0.05 

IS 

_ 

0.05 

0.05 

_ 

0.05 

"1"  Level 

Vqh 

5.0 

4.95 

4.95 



5.0 

_ 

4.95 

Vdc 

V,„-0of  V00 

10 

9.35 

_ 

9.95 

10 

9.95 

_ 

15 

14.95 

_ 

14.95 

15 

14.95 

_ 

Input  Voltego                    "0"  Level 

VIL 

Vdc 

(Vq  »  4.5  or  03  Vdcl 

5.0 

1.5 

2.25 

1.5 

1.5 

( Vq  »  9.0  or  1 .0  Vdcl 

10 

3.0 

4.50 

3.0 

3.0 

(Vq- 13.5  or  1.S  Vdcl 

15 

4.0 

6  75 

4.0 

_ 

4.0 

"t"  Level 

V|H 

IV0- 0.5  or  4.5  Vdcl 

5.0- 

3S 

_ 

3  5 

2  75 

3.5 

_ 

Vdc 

IV0-  1.0  or  9.0  Vdcl 

10 

7.0 

_ 

7  0 

S.SO 

7.0 

- 

IVo-1  5  or  13.5  Vdcl 

15 

11.0 

- 

110 

8  25 

11.0 

- 

Output  Drive  Current  IAL  Device  1 

'OH 

mAdc 

IVqh  "  2.5  Vdcl  Source 

5.0 

-3.0 

-2.4 

-4  2 

-1.7 

_ 

<VoH  ■  4.6  Vdcl 

5.0 

-0.64 

-0.51 

-0.88 

-0.36 

_ 

(Voh- 9-5  Vdcl 

10 

-1* 

- 

-1.3 

-2.25 

-OS 

- 

(V0H  -  13.5  Vdcl 

IS 

-4.2 

- 

-3.4 

-8.8 

-2.4 

- 

(V0L -0.4  Vdcl  Sink 

'OL 

s.o 

0.64 

_ 

0.51 

0.88 

0.36 

_ 

mAdc 

(v0L -o.5  vdci 

10 

1.6 

- 

1.3 

2.25 

_ 

0.9 

- 

IVql  -  1-5  Vdcl 

IS 

4.2 

- 

3  4 

8.8 

- 

2.4 

- 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

(Vqh  '  2-S  Vdcl  Source 

s.o 

-2.5 

- 

-2.1 

-4.2 

- 

-1 .7 

- 

(Voh  ■  4.6  Vdcl 

s.o 

-0.52 

— 

-0.44 

-0.88 

- 

-0.36 

IVQH     9.D  VOCJ 

10 

-1 J3 

-1.1 

-2.25 

- 

-0  9 

IVQH      U.O  VOCI 

• 

15 

-3.6 

-3.0 

-as 

- 

-2  4 

(Vgt  "  0.4  Vdcl  Sink 

'OL 

S.O 

0.52 

0.44 

0.88 

- 

0.36 

- 

mAdc 

IVql  ■  O.O  VOC) 

10 

1.3 

1.1 

2.25 

- 

0.9 

|Unl  |1C 

15 

3.0 

8.8 

- 

2  4 

Input  Current  (AL  Device) 

'in 

15 

tO  1 

1 0.00001 

10  1 

11.0 

uAdc 

Input  Current  1  CL/CP  Device) 

'in 

IS 

- 

t03 

10.00001 

10.3 

- 

11.0 

«Adc 

Input  Capacitance 

Cin 

— 

- 

— 

5.0 

7S 

- 

- 

pF 

IVin  .  01 

Quiescent  Current  IAL  Device! 

'do 

5.0 

_ 

S.O 

0.005 

5.0 

_ 

150 

MAdc 

(Per  PKktge) 

10 

- 

to 

0.010 

10 

- 

300 

IS 

20 

0X115 

20 

600 

Quiescent  Current  (CL/CP  Devicel 

'DO 

5.0 

20 

0.005 

20 

150 

wAdc 

(Per  Package! 

10 

40 

0.010 

40 

300 

IS 

B0 

0.015 

80 

600 

Total  Supply  Current*  *1 

'T 

S.O 

If- 0.7  jiA/kHlll  *  l0D 

MAdc 

(Dynamic  plus  Quiescent, 

10 

'T  "  (3.4  wA/kHil  1  ♦  l00 

Per  Package! 

IS 

■  T  -  I6j0  uA/kHtl  f  »  loD 

(C|.  «  50  pF  on  all  outputs,  ell 

buffers  switching) 

Tig*  •-SS-C  for  AL  Device.  -40"C  for  CfCP  Dovlco. 
Ttilgh-  +12S*C  tor  AL  Dovlco.  +  WC  for  CUCP  Device. 

#Dsta  labellod  "Typ"  is  not  to  bo  used  for  dosign  purposei  but  li 
Intondod  as  an  Indication  of  tfto  IC's  potontlal  performance. 

"Tho  tormulaa  given  are  for  tho  typical  charactartstics  only  at  25*C. 

tTo  catculata  total  supply  current  at  toads  othor  than  SO  pF: 

lr(CL)  •  l-r<00  pF)  +  (Cl  -  SO)  Vlk 

whoro:  It  is  In  (iA  (per  packago).  Ct_  In  pF.  V  -  (V00-  Vgs) tn  vons. 
f  tn  kHz  la  Input  troquency.  and  k  -  0.004. 


PIN  ASSIGNMENT 


Ft 

00 

35 

DO 
D1 
Si 
Q1 
VSS 


VDD 
03 
Q3 
D3 
D2 
Q2 
Q2 
C 


lie 

316 
314 
313 
312 
311 
310 
39 
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SWITCHING  CHARACTERISTICS*  (CL  =  SO  pF.  Ta  -  25°C) 


Vqo 
Vdc 

All  Types 

Characteristic 

Symbol 

Mm 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Time 
«TLH.  *THL  •  (1.35  ni/pFI  CL  +  32  m 
«TLH,  «THL  -  (0.6  ns/pF)CL  +  20  ns 
«TLH,  «THL  -  (0.4  ni/pF)  CL  ♦  20  ru 

*TLH,  «THL 

6.0 
10 
16 

100 

60 
40 

200 
100 
80 

ns 

Propagation  Delay  Time  —  Clock  to  Q.  ^0 
'PLH.  <PHL  "  <0  9  K/pF)  C|_  ♦  176  rw 
'PLH.  'PHL  '  M>-36  nj/pF)  CL  +  72  n« 
'PLH.  'PHL  *  10  28  n</pF)  C|_  +  67  n» 

'PLH. 
'PHL 

6.0 
10 
16 

— 

- 

220 
90 
70 

400 
160 
120 

ns 

Propagation  Delay  Time  —  Reset  lo  Q.  Q 

■PHL  "  10  9  «»/pFr  Cl  +  280  ns 
tpHL  *  (0.36  nt/pF)  Cj_  +  1 12  m 
'PHL  "  <°^6  ns/pF)  Cl  *  87  m 

'PHL. 
'PLH 

6.0 
10 
15 

328 
130 
100 

600 
200 
160 

ns 

Clock  Pulw  Width 

<WH 

6.0 
10 
16 

260 
100 
75 

110 
46 

36 

- 

ns 

Relet  Pulse  Width 

«WL 

6.0 
10 
16 

200 
80 
60 

100 
40 
30 

_ 

ns 

Clock  Pulse  Frequency 

'cl 

6.0 
10 
15 

- 

45 
11 
14 

2.0 
6.0 
8.6 

MHz 

Clock  Pulse  Rise  and  Fall  Time 

«TLH.«THL 

8.0 
10 
15 

- 

- 

16 
5 
4 

PS 

Data  Setup  Time 

t.u 

5.0 
10 
16 

120 
SO 
40 

60 
26 
20 

ns 

Data  Hold  Time 

'h 

6.0 
10 
16 

SO 
40 
30 

40 
20 
16 

ns 

Reset  Removal  Time 

■rem 

sxt 

10 
16 

260 
100 
SO 

126 
50 
40 

ns 

*TTto  formula*  glvon  sro  for  tho  typical  characteristics  only  at  25*C. 
#Data  lobollod  "Typ"  ta  not  to  bo  used  lor  design  purposes  but  Is 
tntondod  as  an  Indication  of  tho  IC's  potential  performance. 
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FUNCTIONAL  BLOCK  DIAGRAM 


*H> — 


o  o 


Y  Y  Y  Y  Y  Y  Y 


10  11  15  14 

QO  oo  Ol  01  02  Q2         Q3  55 
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4-BIT  BIDIRECTIONAL  UNIVERSAL  SHIFT  REGISTER 

The  MC141 94B  is  a  4-bit  static  shift  register  capable  of  operating 
in  the  parallel  load,  serial  shift  left,  serial  shift  right,  or  hold  mode. 
The  asynchronous  Reset  input,  when  at  a  low  level,  overrides  all 
other  inputs,  resets  all  stages,  and  forces  all  outputs  low.  When 
Keset  is  at  a  logic  1  level,  the  two  mode  control  inputs,  SO  and  SI, 
control  the  operating  mode  as  shown  in  the  truth  table.  Both  serial 
and  parallel  operation  are  triggered  on  the  positive-going  transition 
of  the  Clock  input.  The  Parallel  Data,  Data  Shift,  and  mode  control 
inputs  must  be  stable  for  the  specified  setup  and  hold  times  before 
and  after  the  positive-going  Clock  transition. 

•  Synchronous  Right/Left  Serial  Operation 

•  Synchronous  Parallel  Load 

•  Asynchronous  Hold  (Do  Nothing)  Mode 

•  Functional  Pin  for  Pin  Equivalent  of  LS194 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

4-BIT  BIDIRECTIONAL 
UNIVERSAL  SHIFT  REGISTER 


MAXIMUM  RATINGS'  (Voltages  Heloronced  10  Vss) 


Symbol 

Parameter 

Value 

Unit 

vDd 

DC  Supply  Voltage 

-0  5  to  +18  0 

V 

^in-  Vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  VDD  -0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

r  10 

mA 

PD 

Power  Dissipation,  per  Packagot 

500 

mW 

Tslg 

Storage  Temperature 

-  65  to  -150 

•c 

1"L 

Lead  Tomporaturo  (8-Second  Soldering) 

260 

■c 

'Maximum  Ratings  are  thoso  values  boyond  which  damage  lo  the  device  may  occur. 
fTemporature  Derating:  Plastic  "P"  Package:  -  12mW/*C  from  65*C  to  B5°C 

Ceramic  "I"  Package:  -  i2mW/*C  Irom  100°C  to  125"C 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -SS'Cto  +  12S'C 

MC14XXXBAL  (Ceramic  Packago  Only) 

C  Series:  -404C  to  +  85*C 

MC14XXXBCP  (Plastic  Package) 
MC14XXX8CL  (Ceramic  Package) 


LOGIC  DIAGRAM 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  10  vss) 


v0O 

Tlow* 

2S°C 

Thigh* 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltago               "0"  Level 

vol 

5.0 



0.05 

0 

0.05 



0.05 

Vdc 

vln  -  vOD  or  0 

10 



0.05 



0 

0.05 



0.05 

15 

— 

0.05 

— 

0 

0.05 

_ 

0.05 

•1"  Level 

v0h 

5.0 

435 



4.95 

5.0 



4.95 



Vdc 

Win  -  0  or  VDD 

10 

9.95 

_ 

9.95 

10 



9.95 



15 

14.95 



1435 

15 

_ 

14.95 



Input  Voltage                    "0"  Level 

VlL 

Vdc 

IVq  =4.5  or  0.5  Vdcl 

5.0 

1.5 

2.25 

1.5 

_ 

1.5 

IV0=9.0or  t.O  Vdcl 

10 

_ 

3.0 

_ 

4.50 

3.0 



3.0 

IV0  =13  5  Of  I  S  Vdcl 

15 



4.0 

— 

6.75 

4.0 

_ 

4.0 

"1"  Level 

V|H 

(Vo-0.5  or4.SVde) 

50 

3.5 

— 

3.5 

2.75 

— 

3.5 

— 

Vdc 

IVq  -l.OOr  S#-0  VOCJ 

10 

7.0 

— 

7.0 

5.50 

— 

7.0 

— 

(Vq  0  \  5  of  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 

— 

11.0 

— 

Output  Drive  Current  (AL  Oevicst 

!OH 

mAdc 

(Vqh  s  2.5  Vdc)  Source 

50 

-3.0 



-2.4 

-4.2 

— 

-1.7 



<Vqh  "4.6  Vdcl 

5.0 

-0.64 

— 

-0.51 

-0.88 

— 

-0.36 

— 

(Vqh  a9-5  vdc) 

10 

-1.6 

— 

-1.3 

-2.25 

— 

-0.9 

— 

(Vqh  3  13.5  Vdcl 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

— 

1V0L  °0  4  Vdcl  Sink 

'OL 

5.0 

0.64 

— 

0  51 

088 

— 

0.36 

— 

mAdc 

IVql  °0.5  Vdc) 

10 

1.6 

— 

13 

2.25 

— 

0.9 

— 

IVQL        1  VwCI 

4.2 

3.4 

8.8 

2.4 

L/UipUl  L/rlVC  \-#  LI  1 iCIl 1  I^L/V^r  UGVIbw 

— ;  

'OH 

(Vqh  "2.5  Vdc)  Source 

5.0 

-2.5 

-2  1 

-4.2 

"J 

— 

(V0H  a  4-6  Vdc) 

5.0 

-0.52 

-0.44 

-0.88 

-0.36 

[V0H  e  9  5  Vdc) 

10 

-1 3 

-2.25 

-0.9 

(V0Ha  13-5  Vdcl 

IS 

-3.6 

-3.0 

-8  8 

-2  4 

lvOL  "°4  Vdc)  S,nk 

'OL 

5.0 

0.52 

0.44 

0.88 

0.36 

mAdc 

(Vol  =0-5  vdcl 

10 

1.3 

1.1 

.  2.2S 

0.9 

(Vol  0 1.5  vdcl 

IS 

3.6 

3.0 

8.8 

2.4 

Input  Current  (AL  Device) 

'in 

15 

•  0  1 

1 0  00001 

•  0  1 

— 

1 1 .0 

uAdc 

Input  Current  (CL/CP  Device! 

'in 

15 

— 

±0.3 

2000001 

10.3 

— 

11.0 

"At<C 

Input  Capacitance 

Cm 

— 

— 

50 

12.0 

— 

— 

of 

(Vin  -  0) 

Qutescem  Current  (AL  Device) 

'DO 

SO 

SO 

0.005 

SO 

150 

vAdc 

Irer  racKaoel 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device r 

>OD 

so 

20 

0.005 

20 

ISO 

fjAdc 

(Per  Package! 

10 

40 

0.010 

40 

300 

15 

B0 

0.015 

80 

600 

Total  Supply  Current ' '  1 

IT 

5.0 

lT-(0SS«A/kHl)l+lOD 

uAdc 

(Dynamic  ptus  Quiescent, 

10 

lT-I1.9|iA/kH»|f*  Idd 

Per  Package) 

15 

It  »  [23  liA/kHzl  f  *  l0D 

(CL  -  50  pF  on  all  outputs,  all 

buffers  switching) 

*Tlow-  -6S*C  tor  AL  Dovtao,  -40-C  ten  CUCP  Device. 
Thigh  "  +  12S*C  ">'  AL  Device.  +  85*C  lor  CL/CP  Device. 

#Data  labellod  "Typ"  Is  not  to  bo  used  for  design  purposos  but  Is 
Intended  ae  an  Indication  of  the  IC'a  potential  porforrnanco. 

"The  formulas  gtvon  aro  for  tho  typical  characterletlcs  only  at  2S*C. 


tTo  calculato  total  supply  cunont  at  loads  other  than  50  pF: 

ItICl)  -  iTf50  Pp>  *  ICL  -»W  v,k 

whore:  \  j  Is  in  i*A  (per  package),  Ci_  In  pF.  V  -  (Vqq  -  Vgg)  in  volts, 
f  in  kHz  la  Input  frequency,  end  k  »  0.002. 

PIN  ASSIGNMENT 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation,  V|n  and  Voul  should  be  constrained  to  the 
range  VSs  *  <Vm  or  Voui)  *  VDD- 

Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either 
Vss  or  vDO>-  Unused  outputs  must  be  left  open. 
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TRUTH  TABLE 


OPERATING 
MODE 

INPUTS 
(Reset  ■  1) 

OUTPUTS 
»»n  +  1> 

SI 

so 

DSR 

DSL 

DP0-3 

QO 

Q1 

02 

03 

Hold 

0 

0 

X 

X 

X 

OO 

Ol 

02 

Q3 

Shllt  Lift 

1 

0 

X 

JO 

X 

Q1 

02 

Q3 

0 

1 

0 

X 

1 

X 

at 

az 

Q3 

t 

Shift  Rloht 

0 

1 

0 

X 

X 

0 

OO 

at 

az 

0 

1 

1 

X 

X 

i 

OO 

at 

az 

Parallel 

1 

1 

X 

X 

0 

a 

0 

0 

a 

1 

1 

X 

X 

t 

i 

1 

1 

t 

X  -  Don't  Car* 

tn+j  ■  Stete  el  tar  the  hsxt  positive-going  transition  of  the  ctock. 


SWITCHING  CHARACTERISTICS*  <CL  -  SO  pF.  TA  -  25°C. 


VDD 

Characteristic 

Symbol 

Vdc 

Min 

Typ  # 

Max 

Unit 

Output  Rise  and  Fall  Time 

TLH,  THL 

ns 

TLH,  <THL  -  (US  ns/pF)  C(.*32  ns 

s.o 

_ 

100 

200 

•TLH.'THL  -  <0.6  ns/pFI  C(.  +  20  ns 

10 

50 

100 

•TLH.  tTHL  -  (0.4  ra/pFI  CL  +  20  ns 

15 

40 

80 

Propagation  Delay  Tims 

tOI  U  tDUl 

RS 

Clock  to  Q 

tPi  u  idui  *  tO 3  m/oF)  Ci  +  330  fit 

5.0 

275 

550 

'PLH  'PHL  °  ,0  36  n</pFI  CL  ♦  92  ns 

10 

_ 

110 

220 

•PLH.'PHL  "  I"'28  ««/P,:l  C|_  +  72  nt 

15 

_ 

85 

170 

Reset  to  Q 

*PHL 

ns 

tPHL  B       ns/pF)  Ci_  +  305  ns 

5.0 

350 

700 

tPHL  -  (0.36  ns/pF)  CL  ♦  122  ns 

10 

_ 

140 

280 

tPHL  "  (0.26  ns/pF)  C|.  ♦  97  ns 

15 

_ 

110 

220 

Clock  Pulse  Width 

*WH 

5.0 

280 

140 

10 

110 

55 

_ 

15 

85 

40 

_ 

Reset  Pulse  Width 

*WH 

5.0 

180 

90 

ns 

10 

70 

35 

15 

50 

26 

Clock  Pulse  Frequency 

<cl 

S.O 

3.6 

1.8 

MHz 

(Shift  Right  or  Left  Mode) 

10 

9.0 

45 

15 

12 

6.0 

Clock  Pulse  Rise  end  Fall  Time 

«TLH.«THL 

5.0 

15 

MS 

10 

5 

15 

4 

Setup  Time 

t«j 

ns 

Data  to  Clock 

5.0 

10 

-8.0 

10 

20 

0 

15 

40 

9.0 

Mode  Control  (SI  to  Clock 

S.0 

200 

too 

ns 

10 

75 

38 

15 

55 

27 

Hold  Time 

«h 

ns 

Data  to  Clock 

5.0 

160 

90 

10 

50 

25 

15 

35 

10 

Mode  Control  (SI  to  Clock 

5.0 

0 

-40 

ns 

10 

0 

-27 

15 

0 

-20 

Reset  Removal  Time 

•rem 

5.0 

300 

ISO 

ns 

10 

110 

55 

15 

80 

40 

"Tho  formulas  glvon  aro  for  tho  typical  characteristics  only  al  2S*C. 


#Oata  tabottod  "Typ"  la  net  te  bo  used  for  dosign  purposos  but  Is 
Intended  as  on  Indication  of  tno  IG'b  potontlar  porformanco. 
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FIGURE  1  -  SWITCHING  TIME  TEST  CIRCUITS  AND  WAVEFORMS 


ParatM  Load 


PulM 
Ganarator 


ivDO 
16 


Serial  Load 


Dp0 

QO 

Op, 

Dp2 
Op3 

Q1 

Clock 

DSP 

□2 

DSL 

SO 

Q3 

Sl_ 
R 

=1 


Pulte 
G«n«r«tor 


<j>  v0 


Op0 

QO 

Op, 

Op2 
Op3 

01 

Clock 

osn 

Q2 

DSL 

so 

SI 

Q3 

R 

a^vss 


1. 


20  m 
DPn 
DSR 
DSL 


rtl  — -I   I—     —4  I—  20  ni 


NOTE '  Intarchanga  OSR  with  OSL  and  SO  with 
SI  for  tatting  diift  left. 


£ 


«-«WH(cl>  — 
—J      |—  *LH 

Irsox 

/  50% 
T  10* 

—A  U—  tjLH 


"'cl 


£'PHL 
— r 
«THL 


r" —  'r«m 

R«Mt 

5<>0 

S  ? 

t 

V0H 

vol 

v00 
vss 


v00 

16 


OO 

Dp, 

Op2 

Q1 

°P3 

Clock 

DSR 

02 

DSL 

so 

SI 

OS 

R 

FIGURE  2  -  DYNAMIC  POWER  DISSIPATION 
TEST  CIRCUIT  AND  WAVEFORMS 


500  <1F 
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QUAD  PRECISION  TIMER/DRIVER 

The  MC14415  quad  timer/driver  is  constructed  with  comple- 
mentary MOS  enhancement  mode  devices.  The  output  pulse  width 
of  each  digital  timer  is  a  function  of  the  input  clock  frequency. 
Once  the  proper  input  sequence  is  detected  the  output  buffer  is  set 
(turned  on),  and  after  100  clock  pulses  are  counted,  the  output 
buffer  is  reset  (turned  off). 

The  MC14415  was  designed  specifically  for  application  in  high 
speed  line  printers  to  provide  the  critical  timing  of  the  hammer 
drivers,  but  may  be  used  in  many  applications  requiring  precision 
pulse  widths. 

•  Four  Precision  Digital  Time  Delays 

•  Schmitt  Trigger  Clock  Conditioning 

•  NPN  Bipolar  Output  Drivers 

•  Timing  Disable  Capability  Using  Inhibit  Output 

•  Positive  or^Jvegative  Edge  Strobing  on  the  Inputs 

•  Synchronous  Polynomial  Counters  Used  for  Delay  Counting 

•  Power  Supply  Operating  Range 

3.0  Vdc  to  18  Vdc  (MC1441  5EFL/FL/FP) 
3.0  Vdc  to  6.0  Vdc  (MC1441 5E  VL/VL/VP) 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  vss) 


Symbol 

Parameter 

Value 

Unit 

vDd 

DC  Supply  Voltags  -  MC1 441 5EFL/FL/FP 
MC14415EVL/VL/VP 

-  0.5  to  +  18.0 
-0.5  to  *  6.0 

V 

Vin-  Vout 

Input  or  Output  Voltago  (DC  or  Transiont) 

-0.5  to  Vqq  ^0.5 

V 

'in 

Input  Current  (DC  or  Transient),  per  Pin 

-  10 

mA 

'out 

Output  Curront  (DC  or  Transient),  por  Pin 

±20 

mA 

Pd 

Power  Dissipation,  por  Package! 

500 

mW 

Tstq 

Storage  Temperaturo 

-65  to  -  150 

•c 

Lead  Temperaturo  (8-Socond  Soldoring) 

260 

•c 

'Maximum  Ratings  are  those  valuos  beyond  which  damage  to  the  devico  may  occur. 
■J- Temperature  Doraling:  PJasiic  "P"  Packago:  -  12mW/"C  from  65°C  to  85"C 

Ceramic  "L"  Packago:  -  12mW/"C  Irom  100°C  to  125°C 


BLOCK  DIAGRAM 


S«  A    3  O — 

Set  B    4  O — 

Input 

S«  C    5  O — 

Logic 

S«t  D    6  O — 

Strob«  1    7  O- 
Input  DlMbl*  10  <>" 
Output  S«t    2  O- 

Clock     1  O- 
Output  Inhibit  15  O- 


Diuidv-By- 

100 
Counter  i 


Common 
Logic 


Output 
Buffers 

Clock 
Conditioning 
Circuit 


J14  Output  A 
)13  Output  a 
)  1  2  Output  C 
)1  1  Output  D 


VD0  -  Pin  16 
VSS  -  Pin  a 


MC14415 


CMOS  LSI 

(LOW  POWER  COMPLEMENTARY  MOS) 

QUAD  PRECISION 
TIMER/DRIVER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  64B 


ORDERING  INFORMATION 

Operating  Rango:  -55°Cto  +125"C 
MC14415EFL  (3  to  18  V,  Ceramic  Packago) 
MC14415EVL  (3  to  6  V.  Ceramic  Package) 

Operating  Range:  -40'Cto  +  85°C 
MC14415FL  (3  to  18  V.  Ceramic  Package) 
MC14415FP  (3  to  18  V,  Plastic  Package) 
MC14415VL  (3  to  6  V.  Ceramic  Package) 
MC14415VP  (3  to  6  V.  Plastic  Package) 


PIN  ASSIGNMENT 

W 

1 

Clock 

vD0 

16 

2 

57t 

nTh 

15 

3 

Sat  A 

Out  A 

14 

4 

Sat  B 

Out  B 

13 

5 

Sat  C 

Out  C 

12 

6 

Sat  D 

Out  D 

1  1 

7 

ST  1 

bt: 

10 

8 

VSS 

ST2 

9 
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ELECTRICAL  CHARACTERISTICS  (Voftaflos  Roioroncod  to  vss) 


V0D 

Vdc 

Tk 

>w* 

2S°C 

ThWl* 

Crunettrlnlc 

Symbol 

Mm 

Max 

Men 

Typ  0 

Max 

Unit 

Output  Voltage 
(No  Load) 

"a1  Level 

vOL 

5.0 
10 
15 

- 

0.01 
0.01 

0 
0 

0.01 
0.01 

0.05 
0.05 

Vdc 

"1"  Level 

vOH 

5.0 
10 
15 

- 

3.0 
8.0 

4.14 
9.09 
14.12 

- 

- 

- 

Vdc 

Noiie  Immunity 

(»Vout  <  1.5  Vdd 
(&Vaut<3.0Vdc) 
(»Vout<4.SVdc) 

VNL 

5.0 
10 
15 

1.5 
3.0 

- 

1.5 
3.0 

2.25 
4.S0 
6.75 

- 

1.4 
2.9 

- 

Vdc 

l"Vout<  I.SVdcl 
<AVout  <  3.0  Vdd 
(oVou,<4.SVdc) 

Vnh 

5.0 
10 
15 

1.4 
2.9 

1.5 
3.0 

2.25 
4.50 
6.75 

- 

1.5 
3.0 

- 

Vdc 

Output  Drive  Voltage  (NPN  Driver) 
dOH  "  0  rnA)  Source 
('OH  b  5.0  mA) 
I'OH"  10  mA 
I'OH*  15  mA) 

VOH 

5.0 

- 

- 

3.0 
2.7 
2.5 
2.2 

4.14 
3.44 
3.30 
3.08 

- 

- 

- 

Vdc 

IIOH"0mAI 
I'OH  "  5.0  mAI 
(IOH"  10  mA) 
(l0H-  15  mA) 

10 

- 

8.0 
7.7 
7.5 
7.1 

9.09 
8.45 
8.30 
8.14 

- 

- 

— 

- 

- 

- 

Vdc 

I'OH  "  OmAI 
(lOH-S.0mA) 
I'OH  "  10  mA) 
(l0H-  15  mA) 

15 

- 

- 
- 

- 

14.12 
13.81 
13.70 
13.61 

- 

- 

- 

Vdc 

Output  Drive  Current 
(Vol  -  0.4  Vde) 

(Vql  "  o-s  vdd 
(v0l  " 15  vdc> 

Sink 

"OL 

6.0 
10 
15 

0.23 
0.60 

0.20 
0.50 

0.78 
2.0 
7.8 

0.16 
0.40 

mAdc 

Input  Leakage  Current 

•in 

15 

±0.3 

±0.00001 

±0.3 

±1.0 

iiAdc 

Input  Capacitance 
(Vin-0) 

cm 

5.0 

pF 

Quiescent  Oissipation 

PQ 

5.0 
10 
15 

0.25 
1.0 

aoooos 

0.00022 
0.00060 

0.25 
1.0 

3.5 
14 

Power  Diuipatkxi"  * 

(Dynamic  plus  Quiescent) 
(Cl-  16  pF) 

«"0 

6.0 
10 
16 

PO  -  (56  mW/MHzl  1  +  Pq 
?D  *  1225  mW/MHi)  f  ♦  Pq 
P0-(510m*/MHz)f  +Pq 

•T|ow-  -5S°C  tar  MC14415EFL,  6VL; -40°C  for  MC1441SFL.FP,VL.VP 
Thigh'  ♦12S°C  for  MC14415EFL.EVL;  +85°C  for  MC14415FL.FP.VL.VP 


"The  formulas  glvon  are  for  the  typical  characteristics  only. 

#Oata  Isbollod  "Typ"  is  not  to  bo  usod  (or  design  purposes  but  Is  Irttondod  as  an  indication  of  the  IC's  potontlel  performance. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum 
rated  voltages  to  this  high-Impedance  circuit.  For  proper  operation,  Vin  and  Vout  should  be  constrained 
to  the  range  Vss  «s  (V|n  or  Vout)  «;  VDD. 

Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vgg  or  Vqq). 
Unused  outputs  must  be  left  open. 
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SWITCHING  CHARACTERISTICS*  (CL  -  16  pF.  TA  -  2B°C) 


Characteristic 

Symbol 

VDD 
Vde 

Mln 

Typ# 

Max 

Unit 

Output  Riio  Time 

tjLH  "  B-0  nt/pFI  Cl  +  10  n» 
tn.H  "  (1-26  ni/pFI  C|.  +  6  ni 
TLH  "  n.10m/pF)  C|.  +  3  ra 

'TLH 

6.0 
10 
16 

- 

40 
26 
20 

85 
60 

ni 

Output  Fell  Tims 

THL  "  t1-6nt/pFI  C|.  +  47  ra 
«THL  "  «>.76  ni/pFI  C|.  ♦  24  ns 
'THL  "  I"-66  n»'P|:  1  Cl  +  1 7  ni 

«THL 

6.0 
10 
16 

- 

70 
35 
26 

160 
80 

nt 

Turn-Off  Delay  Time 

<PLH  "  12.7  ns/pF  I  Cl  +  560  ni 
tpHL  "  <'.2  w/pFI  Cl  +  282  ni 
tpLH  "  10.91  m/pFI  Cl  *  286  ni 

•PLH 

5.0 
10 
16 

- 

600 
300 
150 

1200 
600 

ns 

Turn-On  Ottoy  Tims 

<PHL  °  13  4  n»/pF)  Cl  +  664  ni 
tpHL  "  II-0  ni/pFI  Cl  +  286  nt 
tpHL  "  I0-76  nt/pF)  Cl  +  289  ni 

tPHL 

6.0 
10 
15 

- 

600 
300 
150 

1200 
600 

ns 

Turn-On  Delay  Tims  (Inhibit  to  Output) 

<PHL 

5.0 
10 
16 

- 

300 
226 
110 

650 
426 

ns 

Turn-Off  Delay  Tims  1  Inhibit  to  Output) 

'PLH 

6.0 
10 
16 

300 
226 
110 

650 
426 

ns 

Input  Pulse  Coincidence  (Figure  31 

PCmln 

6.0 
10 
IS 

600 
450 

460 
350 

- 

ns 

Input  Pulie  Width  (Figure  1) 

<WH 

5.0 
10 
16 

600 
450 

450 
360 

ns 

Input  Clock  Frequency 

'cl 

6.0 
10 
16 

0.7 
1.0 
1.6 

MHz 

Dock  Input  Rite  and  Fall  Tlmei  (Figure  1) 

TLH.  THL 

6.0 
10 
16 

15 
5.0 
4.0 

us 

•Tho  formulas  given  aro  for  Iho  typical  characteristics  only  At  25*C. 


#Dsts  labelled  "Typ"  is  not  to  bo  used  (or  design  purposos  but  Is 
Intended  as  on  Indication  of  tho  IC'a  potontlal  performance. 


FIGURE  1  -  SWITCHING  CHARACTERISTICS  -  WAVEFORM 
RELATIONSHIPS 


Input 


_J  10*  3  n_ 


-20  m 


«PLH- 


■  'WH 


Output 


«TLH 


—•J   U—     tTML-H  U- 


vss 

V0H 

vol 
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FIGURE  2  —  TYPICAL  OPERATION  M0DE3  AND  FUNCTIONAL  TIMING  DIAGRAM 


MODE  1  -  OUTPUT  SET  INITIATES  TIME  DELAY 


MODE  2  :  SET  A  INITIATES  TIME  DELAY 


Input  Diubti  |_ 
Strob*  2 


Strob*  I  _f 


V 


-Minimum  Coincidence  - 

500  m  O  V00  -  4.7S  vac 


Input  Olttbla  |~ 
Strob*  2  — 1_ 


Minimum  Coincidence  - 

900  nt»  VDO  -  4.76  Vdc 


«PLH 


MODE  3:  OUTPUT  INHIBIT  DISABLES  TIME  DELAY 


MODE  4:  POSITIVE-EDGE  STROBE  (ST2I  INITIATES  TIME  DELAY 


Output  A 


«PLH 


«PHL  tpLH 


«PHL 


«PLH 


•PHL 
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MOTOROLA 


HEX  CONTACT  BOUNCE  ELIMINATOR 
The  MC14490  is  constructed  with  complementary  MOS  enhance- 
ment mode  devices,  and  is  used  for  the  elimination  of  extraneous 
level  changes  that  result  when  interfacing  with  mechanical  contacts. 
The  digital  contact  bounce  eliminator  circuit  takes  an  input  signal 
from  a  bouncing  contact  and  generates  a  clean  digital  signal  four 
clock  periods  after  the  input  has  stabilized.  The  bounce  eliminator 
circuit  will  remove  bounce  on  both  the  "make"  and  the  "break"  of  a 
contact  closure.  The  clock  for  operation  of  the  MC14490  is  derived 
from  an  internal  R-C  oscillator  which  requires  only  an  external  capac- 
itor to  adjust  for  the  desired  operating  frequency  (bounce  delay).  The 
clock  may  also  be  driven  from  an  external  clock  source  or  the  oscil- 
lator of  another  MC14490  (see  Figure  5). 

NOTE:  Immediately  after  power-up,  the  outputs  of  the  MC14490 
are  in  indeterminate  states. 

•  Diode  Protection  on  All  Inputs 

•  Six  Debouncers  Per  Package 

•  Internal  Pullups  on  All  Data  Inputs 

•  Can  Be  Used  as  a  Digital  Integrator,  System  Synchronizer,  or  Delay 
Line 

•  Internal  Oscillator  (R-C),  or  External  Clock  Source 

•  TTL  Compatible  Data  Inputs  Outputs 

•  Single  Line  Input,  Debounces  Both  "Make"  and  "Break"  Contacts 

•  Does  Not  Require  "Form  C"  (Single  Pole  Double  Throw)  Input 
Signal 

•  Cascadable  for  Longer  Time  Delays 

•  Schmitt  Trigger  on  Clock  Input  (Pin  7) 

•  Supply  Voltage  Range  =  3.0  V  to  18  V 

•  Chip  Complexity:  546  FETs  or  136.5  Equivalent  Gates 


MC14490 


CMOS  LSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

HEX  CONTACT 
BOUNCE  ELIMINATOR 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  618 


ORDERING  INFORMATION 


CERAMIC  PACKAGE:  MC14490L 
(-55*C  lo  *  125-C) 


PLASTIC  PACKAGE:  MC14490P 
(-40X  10  85*C) 


BLOCK  DIAGRAM 


■vOQ 


? 

0>c0ut  9 


E,„     5  • 


DM1 

iBil  5WtfC  Shi't  Wrrj.tTi" 
Shilt  Load 


I0»nt.r*  TO  UOK  Sl»S* 


ItMfltiUl  '  St*9« 


i<jtr.i.c«i  to  Atjovt  Slaw 


„■..!-.  Ai.,,.,  ■ 


.il  10  Abo.*  Sugt 


J       #1  03 


j  i  ^  «a  | 


1/3  Bit 
Da.  BY 


TT 

01  02 


vDO    Urn  ig 


(  B0.„ 
'3  Cou, 

"  6OUt 


6-206 


MC14490 


MAXIMUM  RATINGS*  (Voltages  Referenced  lo  Vss) 


8ymtjol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Veltage 

-0.5  to  +18.0 

V 

V|n.  Vo„t 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vqo  +0.5 

V 

'in 

Input  Current  (DC  or  Transient),  per  Pin 

*10 

mA 

Po 

Power  Dissipation,  per  Packaget 

500 

mW 

T«tn 

Storage  Temperature 

-65  to  +150 

•c 

Tl 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

PIN  ASSIGNMENT 
n  tP 


A, 

Boul  tj2 

Cm 
°oul 

E,n  I 


'Maximum  Ratings  are  those  values  beyond  which  damage  lo  tho  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Package:  -  12mW7*C  from  65'C  to  85°C 

Ceramic  "L"  Package:  -  12mW/*C  from  100*C  10  125*C 

ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  io  vssl 


rOut 

Osc,r 

vss  I 


I  A0Ut 

)  B,„ 
I  C0u1 
I  D,n 
I  Eou, 
I  f,n 


9  I  Oscoul 


Characteristic 

Symbol 

VDD 

T|ow" 

25  »C 

Thigh* 

Unit 

Vdc 

Min 

Max 

Min 

Typ.# 

Max 

Min 

Max 

Output  Voltage 

"O 

Level 

VOL 

50 

- 

005 

- 

0 

005 

- 

005 

V 

vm=  Vqd  or  0 

10 

005 

0 

0  05 

0  05 

15 

- 

0  05 

_ 

0 

0  05 

_ 

0  05 

T 

Lewel 

V0H 

50 

4  95 

4  95 

5  0 

4  95 

_ 

V 

V  .  -  O  ni  Vnn 
v in    u  VUU 

10 

9  95 

9  95 

10 

9  95 

_ 

15 

14  95 

14  95 

15 

14  95 

_ 

Input  Voliage 

"0' 

Level 

Vil 

V 

'  V  Q  —  H  O  O'  U  O  VI 

50 

1  5 

2  25 

1  5 

1  5 

IVO  =  90or  1  0  VI 

10 

3  0 

4  50 

3  0 

3  0 

IVq=  13  5  ot  1  5  VI 

15 

- 

4  0 

- 

6  75 

40 

- 

4  0 

Level 

V|H 

V 

(Vo  =  0  5oi4  5VI 

50 

3  5 

3  5 

2  75 

_ 

35 

_ 

(Vo=10oi9.0  VI 

10 

70 

_ 

70 

5K.' 

_ 

7  0 

_ 

(Vo=  1  5  ot  13  5  VI 

15 

11  0 

_ 

11  0 

8  25 

_ 

11  0 

_ 

Ouiput  Drive  Current 

'OH 

ni  A 

Source 

Oscillator  Output 

IV0H=25V1 

50 

-06 

- 

-05 

-  1  5 

- 

04 

- 

IVqh  =  4  6V1 

5  0 

-0  12 

- 

-0  1 

-  03 

- 

-008 

- 

IVoh  =  95  VI 

10 

-0  23 

-0  20 

-08 

-0  16 

IV0H='3.5VI 

15 

-  1  4 

-  1  2 

-30 

-  1  0 

Debounce  Outputs 

lvOH  =  2  5Vl 

50 

-09 

-0  75 

-22 

-06 

IV0H  =  4  6VI 

50 

-0  19 

— 

-0  16 

-0  46 

-0  12 

IVoH  =  9  5  VI 

10 

-060 

-050 

-  1  2 

-04 

IVoh=I3  5V1 

15 

-18 

-  1  5 

-45 

-  1  2 

Sink 
Oscillator  Output 

lOL 

mA 

(v0[. =0  4  vi 

50 

036 

030 

09 

0  24 

iv0l=o.5  vi 

10 

09 

0  75 

23 

06 

(V0L  =  1  5  V) 

15 

42 

35 

10 

28 

Debounce  Outputs 

(Vql  =  0  4  vi 

50 

26 

2  2 

4  0 

1  8 

(Vql =0.5  vi 

10 

4  0 

33 

9 

2  7 

(V0L=1  5  VI 

15 

12 

10 

35 

8  1 

Input  Current 

Debounce  Inputs  IVin  =  VdqI 

■IH 

15 

2 

02 

2 

11 

(•A 

Input  Current  Oscillator  -  Pin  7  (V|n=  Vjs  or  Vrjol 

'in 

15 

±620 

±255 

±400 

±250 

("A 

Pullup  Resistor  Source  Current 

IlL 

50 

210 

375 

140 

190 

255 

70 

130 

*A 

Debounce  Inputs 

10 

415 

740 

280 

380 

500 

145 

265 

IV,n=VSSl 

15 

610 

1100 

415 

570 

750 

215 

400 

Input  Capacitance 

C,n 

50 

75 

pF 

Quiescent  Current 

iss 

50 

150 

40 

100 

90 

„A 

IV,n  =  Vss°rVDD.  I0ut  =  0, A) 

10 

280 

90 

225 

180 

15 

840 

225 

650 

550 

"Tfow  "  -  5!>*C  tor  L  Device,  -  40*C  tor  P  Dovlco. 
Thlgh  "  +  125*C  (or  L  Dovlco.  +  65*C  tor  P  Dovlco. 
#Data  labellod  "Typ"  is  not  to  bo  usod  lor  design  purposes  but  Is 
intondod  as  on  Indication  ot  tho  iC's  potential  performance. 


6-207 


MC14490 


SWITCHING  CHARACTERISTICS  <CL  =  50  pF.  TA  =  25°CI 


Characteristic 

Symbol 

VDD 
Vdc 

Min 

Typ# 

Max 

Unit 

Output  Rise  Time 
All  Outputs 

'TLH 

50 
10 
15 

- 

180 
90 
65 

360 
180 
130 

ns 

Output  Fall  Time 
Oscillator  Output 

De bounce  Outputs 

'THL 

50 
10 
15 

- 

1M 

50 
40 

200 
100 
80 

ns 

ITHL 

5  0 
10 
15 

- 

60 
30 
20 

1 20 
60 
40 

Propagation  Delay  Time 
Oscillator  Input  to  Oebounce  Outputs 

1PHL 

50 
10 
15 

- 

285 
120 
95 

570 
240 
190 

'PLH 

50 
10 
15 

370 
160 
120 

740 
320 
240 

Clock  Frequency  160%  Duty  Cycle) 
(External  Clock) 

<CI 

50 
10 
15 

28 
6 
9 

1  4 
30 
45 

MHz 

Setup  Time  (See  Figure  1) 

<Su 

50 
10 
15 

100 
80 
60 

50 
40 
30 

ns 

Maximum  External  Clock  Input 
Rise  and  Fall  Time 
Oscillator  Input 

•r.  It 

5  0 
10 
15 

No  Limit 

ns 

Oscillator  Frequency               Note:  These  aquations  are  intended  1o  be  a  design  guide. 
0SCout                           Laboratory  experimentation  may  bo  required.  Formulas 
C     £100  pF*                are  typically  ~  15%  of  actual  frequencies. 

'osc. 'VP 

50 
10 
15 

1.5 
Cex,  lin  MF) 
4.5 

Cext (,n 
65 
Cext  lm  (iFI 

Hz 

*Tho  formulas  glvon  are  for  the  typical  characteristics  only  at  25*C. 


#Data  tabetlod  "Typ"  Is  not  to  bo  usod  for  design  purposes  but  is 
intended  as  an  Indication  of  tho  tC's  potontial  performance. 


*POWER-DOWN  CONSIDERATIONS 

Large  values  of  Cex\  may  cause  problems  when  powering  down  the  MC 14490  because  of  the  amount  ol  energy  stored  in  the  capacitor  When 
a  system  containing  ihis  device  is  powered  down,  the  capacitor  may  discharge  through  the  input  protection  diodes  at  Pin  7  or  the  parasitic 
diodes  at  Pin  9.  Current  through  these  internal  diodes  must  be  limited  to  10  mA.  therefore  the  turn-off  time  of  the  power  supply  must  not  be 
faster  than  t=  (Vqq  -  Vgs'  •  Cext/ (10  mA)  For  example,  if  Vqq-  V55  =  15  V  and  Cext  =  1  m^-  ,ne  power  supply  must  turn  off  no  faster  than 
t=  (15  V)  -(1  pF>/10  mA=  1.5  ms  This  is  usually  not  a  problem  because  power  supplies  are  heavily  filtered  and  cannot  discharge  at  this  rate 

When  a  more  rapid  decrease  of  the  power  supply  to  zero  volts  occurs,  the  MC14490  may  sustain  damage  To  avoid  this  possibility,  use  exter 
nal  clamping  diodes.  D1  and  D2.  connected  as  shown  in  Figure  2 


FIGURE  1  -  SWITCHING  WAVEFORMS 

—  VDD 
 0V 
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FIGURE  2  -  DISCHARGE  PROTECTION 
OURING  POWER  OOWN 
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THEORY  OF  OPERATION 


The  MC14490  Hex  Contact  Bounce  Eliminator  is  basi- 
cally a  digital  integrator.  The  circuit  can  integrate  both  up 
and  down.  This  enables  the  circuit  to  eliminate  bounce  on 
both  the  leading  and  trailing  edges  of  the  signal,  shown  in 
the  timing  diagram  of  Figure  3. 

Each  of  the  six  Bounce  Eliminators  is  composed  of  a 
4Vfe-bit  register  (the  integrator)  and  logic  to  compare  the 
Input  with  the  contents  of  the  shift  register,  as  shown  in 
Figure  4.  The  shift  register  requires  a  series  of  timing  pulses 
in  order  to  shift  the  input  signal  into  each  shift  register 
location.  These  timing  pulses  (the  clock  signal)  are  rep- 
resented in  the  upper  waveform  of  Figure  3.  Each  of  the 
six  Bounce  Eliminator  circuits  has  an  internal  resistor  as 
shown  in  Figure  4.  A  pullup  resistor  was  incorporated  rather 
than  a  pulldown  resistor  in  order  to  implement  switched 
ground  input  signals,  such  as  those  coming  from  relay  con- 
tacts and  push  buttons.  By  switching  ground,  rather  than 
a  power  supply  lead,  system  faults  (such  as  shorts  to 
ground  on  the  signal  input  leads)  will  not  cause  excessive 
currents  In  the  wiring  and  contacts.  Signal  lead  shorts  to 
ground  are  much  more  probable  than  shorts  to  a  power 
supply  lead. 

When  the  relay  contact  is  closed,  (see  Figure  4)  the  low 
level  is  inverted,  and  the  shift  register  is  loaded  with  a  high 
on  each  positive  edge  of  the  clock  signal.  To  understand 
the  operation,  we  assume  all  bits  of  the  shift  register  are 
loaded  with  lows  and  the  output  is  at  a  high  level. 

At  clock  edge  1  (Rgure  3)  the  input  has  gone  low  and 
a  high  has  been  loaded  into  the  first  bit  or  storage  location 
of  the  shift  register.  Just  after  the  positive  edge  of  clock  1 , 
the  input  signal  has  bounced  back  to  a  high.  This  causes 
the  shift  register  to  be  reset  to  lows  in  all  four  bits  —  thus 
starting  the  timing  sequence  over  again. 

During  clock  edges  3  to  6  the  input  signal  has  stayed 
low.  Thus,  a  high  has  been  shifted  into  all  four  shift  register 
bits  and,  as  shown,  the  output  goes  low  during  the  positive 
edge  of  clock  pulse  6. 

It  should  be  noted  that  there  is  a  3V4  to  4V4  clock  period 
delay  between  the  clean  input  signal  and  output  signal.  In 
this  example  there  is  a  delay  of  3.8  clock  periods  from  the 
beginning  of  the  dean  input  signal. 


After  some  time  period  of  N  clock  periods,  the  contact 
is  opened  and  at  N  + 1  a  low  is  loaded  into  the  first  bit.  Just 
after  N  + 1 ,  when  the  input  bounces  low,  all  bits  are  set  to 
a  high.  At  N+2  nothing  happens  because  the  input  and 
output  are  low  and  all  bits  of  the  shift  register  are  high.  At 
time  N  +  3  and  thereafter  the  input  signal  is  a  high,  clean 
signal.  At  the  positive  edge  of  N+6  the  output  goes  high 
as  a  result  of  four  lows  being  shifted  into  the  shift  register. 

Assuming  the  input  signal  is  long  enough  to  be  clocked 
through  the  Bounce  Eliminator,  the  output  signal  will  be  no 
longer  or  shorter  than  the  clean  input  signal  plus  or  minus 
one  clock  period. 

The  amount  of  time  distortion  between  the  input  and 
output  signals  is  a  function  of  the  difference  in  bounce 
characteristics  on  the  edges  of  the  input  signal  and  the 
clock  frequency.  Since  most  relay  contacts  have  more 
bounce  when  making  as  compared  to  breaking,  the  overall 
delay,  counting  bounce  period,  will  be  greater  on  the  lead- 
ing edge  of  the  Input  signal  than  on  the  trailing  edge.  Thus, 
the  output  signal  will  be  shorter  than  the  input  signal  —  if 
the  leading  edge  bounce  is  included  in  the  overall  timing 
calculation. 

The  only  requirement  on  the  clock  frequency  in  order  to 
obtain  a  bounce  free  output  signal  is  that  four  clock  periods 
do  not  occur  while  the  input  signal  is  in  a  false  state.  Refer- 
ring to  Rgure  3,  a  false  state  is  seen  to  occur  three  times 
at  the  beginning  of  the  input  signal.  The  input  signal  goes 
low  three  times  before  it  finally  settles  down  to  a  valid  low 
state.  The  first  three  low  pulses  are  referred  to  as  false 
states. 

If  the  user  has  an  available  clock  signal  of  the  proper 
frequency,  it  may  be  used  by  connecting  it  to  the  oscillator 
input  (pin  7).  However,  if  an  external  clock  is  not  available 
the  user  can  place  a  small  capacitor  across  the  oscillator 
input  and  output  pins  in  order  to  start  up  an  internal  clock 
source  (as  shown  in  Figure  4).  The  clock  signal  at  the 
oscillator  output  pin  may  then  be  used  to  dock  other 
MC14490  Bounce  Eliminator  packages.  With  the  use  of  the 
MC14490,  a  large  number  of  signals  can  be  cleaned  up, 
with  the  requirement  of  only  one  small  capacitor  external 
to  the  Hex  Bounce  Eliminator  packages. 


FIGURE  3  -  TIMING  DIAGRAM 
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FIGURE  4  -  TYPICAL  "FORM  A"  CONTACT  D£ BOUNCE  CIRCUIT 
(Only  Ono  D«bounc*r  Shown) 
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OPERATING  CHARACTERISTICS 


The  single  most  important  characteristic  of  the  MC 14490  is 
that  it  works  with  a  single  signal  lead  as  an  input,  making  it 
directly  compatible  with  mechanical  contacts  .(Form  A  and 
B). 

The  circuit  has  a  built  in  pullup  resistor  on  each  input.  The 
worst  case  value  of  the  pullup  resistor  (determined  from  the 
Electrical  Characteristics  table)  is  used  to  calculate  the  con- 
tact wetting  current.  If  more  contact  current  is  required,  an 
external  resistor  may  be  connected  between  Vqq  and  the  in- 
put. 

Because  of  the  built-in  pullup  resistors,  the  inputs  can- 
not be  driven  with  a  single  standard  CMOS  gate  when  Vqq 
is  below  5  V.  At  this  voltage,  the  input  should  be  driven  with 


paralleled  standard  gates  or  by  the  MC14049  or  MC14050 
buffers 

The  clock  input  circuit  (pin  71  has  Schmitt  trigger  shaping 
such  that  proper  clocking  will  occur  even  with  very  slow 
clock  edges,  eliminating  any  need  for  clock  preshaping.  In 
addition,  other  MC14490  oscillator  inputs  can  be  driven  from 
a  single  oscillator  output  buffered  by  an  MC14050  (see 
Figure  51.  Up  to  six  MC14490s  may  be  driven  by  a  single  buf- 
fer. 

The  MC 14490  is  TTL  compatible  on  both  the  inputs  and 
the  outputs.  When  Vqq  is  at  4.5  V.  the  buffered  outputs  can 
sink  1 .6  mA  at  0.4  V  The  inputs  can  be  driven  with  TTL  as  a 
result  of  the  internal  input  pullup  resistors. 


FIGURE  5  -  TYPICAL  SINGLE  OSCILLATOR 
OEBOUNCE  SYSTEM 
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TYPICAL  APPLICATIONS 


ASYMMETRICAL  TIMING 

In  applications  where  different  leading  and  trailing 
edge  delays  are  required  (such  as  a  fast  attack/slow  release 
timer.)  Clocks  of  different  frequencies  can  be  gated  into 
the  MC 14490  as  shown  in  Figure  6.  In  order  to  produce  a 
slow  attack/fast  release  circuit  leads  A  and  B  should  be 
interchanged.  The  clock  out  lead  can  then  be  used  to 
feed  clock  signals  to  the  other  MC14490  packages  where 
the  asymmetrical  input/output  timing  is  required. 

FIGURE  6  -  FAST  ATTACK/SLOW  RELEASE 
CIRCUIT 
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The  contents  of  the  Bounce  Eliminator  can  be  latched 
by  using  several  extra  gates  as  shown  in  Figure  7.  If  the 
latch  lead  is  high  the  clock  will  be  stopped  when  the 
output  goes  low.  This  will  hold  the  output  low  even 
though  the  input  has  returned  to  the  high  state.  Any  time 
the  clock  is  stopped  the' outputs  will  be  representative  of 
the  input  signal  four  clock  periods  earlier. 

FIGURE  7  -  LATCHED  OUTPUT  CIRCUIT 
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MULTIPLE  TIMING  SIGNALS 

As  shown  in  Figure  8,  the  Bounce  Eliminator  circuits 
can  be  connected  in  series.  In  this  configuration  each 
output  is  delayed  by  four  clock  periods  relative  to  its 
respective  input.  This  configuration  may  be  used  to  gener- 
ate multiple  timing  signals  such  as  a  delay  line,  for 
programming  other  timing  operations. 

One  application  of  the  above  is  shown  in  Figure  9, 
where  it  is  required  to  have  a  single  pulse  output  for  a 
single  operation  (make)  of  the  push  button  or  relay  contact. 
This  only  requires  the  series  connection  of  two  Bounce 
Eliminator  circuits,  one  inverter,  and  one  NOR  gate  in 
order  to  generate  the  signal  AB  as  shown  in  Figures  9  and 
10.  The  signal  SB  is  four  clock  periods  in  length.  If  the  in- 
verter is  switched  to  the  A  output,  the  pulse  AT5  will  be 
generated  upon  release  or  break  of  the  contact.  With  the  use 
of  a  few  additional  parts  many  different  pulses  and 
waveshapes  may  be  generated. 


FIGURE  8  -  MULTIPLE  TIMING  CIRCUIT  CONNECTIONS 
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FIGURE  9  -  SINGLE  PULSE  OUTPUT  CIRCUIT 
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FIGURE  10  -  MULTIPLE  OUTPUT  SIGNAL  TIMING  DIAGRAM 
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This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-Impedance 
circuit  For  proper  operation,  Vm  and  Vou1  should  be  constrained  to  the  range  Vgg  «  (V|n  or  Vout)  *  Vdq. 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vgg  or  Vrjo).  Unused  outputs  must  be  left 
open.  
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INDUSTRIAL  CONTROL  UNIT 

The  MC14500B  Industrial  Control  Unit  (ICU)  is  a  single-bit 
CMOS  processor.  The  ICU  is  designed  for  use  in  systems  requiring 
decisions  based  on  successive  single-bit  information.  An  external 
ROM  stores  the  control  program.  With  a  program  counter  (and 
output  latches  and  input  multiplexers,  if  required)  the  ICU  in  a 
system  forms  a  stored-program  controller  that  replaces  combinatorial 
logic.  Applications  include  relay  logic  processing,  serial  data  mani- 
pulation and  control.  The  ICU  also  may  control  an  MPU  or  be 
controlled  by  an  MPU. 

•  16  Instructions 

•  DC  to  1 .0  MHz  Operation  at  Vqq  =  5  V 

•  On-Chip  Clock  (Oscillator) 

•  Executes  One  Instruction  per  Clock  Cycle 

•  3  to  18  V  Operation 

•  Low  Quiescent  Current  Characteristic  of  CMOS  Devices 

•  Capable  of  Driving  One  Low-Power  Schottky  Load  or  Two 
Low-Power  TTL  Loads  over  Full  Temperature  Range 


CLOCK  OIAGRAM 


CMOS  LSI 


(LOW-POWER  COMPLEMENTARY  MOSI 


INDUSTRIAL  CONTROL  UNIT 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  64B 


ORDERING  INFORMATION 

A  Series:  -55'CIO  +125*C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Serios:  -40*Cto  +  85"C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


PIN  ASSIGNMENT 


XI  —  Oscillator  Output 
X2  —  Oscillator  Input 
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MAXIMUM  RATINGS*  (Vollagea  Referenced  to  VSs) 


Symbol 

Parameter 

Value 

Unit 

V0D 

DC  Supply  Voltage 

-O.Sto  +18.0 

V 

V|n.  Voui 

Input  or  Output  Voltago  (DC  or  Transient) 

-0.8  to  VDD  +0.5 

V 

'in'  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±10 

mA 

Po 

Power  Dissipation,  per  Packager 

500 

mW 

Tstri 

Storage  Temperature 

-65  to  +150 

•c 

TL 

Lead  Temperature  (B-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Package:  - 1 2mW/*C  from  65aC  to  65*C 

Ceramic  "L"  Package:  -12mWVC  Irom  100*C  to  12S*C 

ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  VSS) 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  circuit.  For 
proper  operation,  V|n  and  VOU|  should  be 
constrained  to  the  range  Vgg  «  (V|n  or 
Vout)  «  VDD. 

Unused  Inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vqd).  Unused  outputs  must  be  left  open. 


V0D 

Tic 

w* 

25°C 

Thigh* 

Characteristic 

Symbol 

V 

Min 

Man 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage 

"0"  Level 

vol 

5.0 

0.05 

— 

0 

0.05 

~ 

0.05 

V 

V-   =  Vnn  or  0 
vin    vdd  or  u 

10 

0.05 

0 

0.05 

0.05 

15 

0.05 

0 

0  05 

0  05 

Vin  3  0  or  Vqd 

"1 "  Lev  1 
eve 

vOH 

5.0 

4.95 

4.95 

5.0 

~ 

4.95 

— 

V 

10 

9.95 

9.95 

10 

9.95 

15 

14.95 

14.95 

15 

14.95 

— 

— - — 

Input  Voltage 

 — —  

*0  Level 

VIL 

RST,  D,  X2 

\  VQ     4.B  Or  U.o  VI 

5.0 

1 .5 

2.25 

1.5 

1 .5 

(  Vq  «  9.0  or  1 .0  V) 

10 

3.0 

4.50 

3.0 

3.0 

(Vo  =  13-5  or  1.5  V) 

15 

4.0 

6  75 

4  0 

4  0 

"1"  Level 

Viu 
"In 

(Vo  -  0.5  or  4.5  V) 

5.0 

3.5 

3  5 

2  75 

3  5 

(Vo  -  1 .0  or  9.0  V) 

10 

7.0 

. 

7.0 

S.50 

7.0 

IV0  -  1.5  or  13.5  VI 

15 

11.0 

11.0 

8.25 

11.0 

Input  Voltage  # 

"0"  Level 

VIL 

V 

10.  11.  12.  13 

(Vo  =  «.5or  0.5  VI 

5.0 

_ 

o  a 

1.1 

0.8 

0.8 

(Vq  -  9.0  or  1.0  VI 

10 

- 

1.6 

2.2 

16 

1.8 

(V0=  13.5  or  1.5  V) 

15 

- 

2.4 

_ 

3.4 

2.4 

_ 

2.4 

(V0  -  0.5  or  4.5  V) 

"1"  Level 

V|H 

5.0 

2.0 

- 

2.0 

1.9 

2.0 

IV0-  1.0  or  9.0  V) 

10 

6.0 

- 

6.0 

3.1 

6.0 

(V0-  1.5  or  13.5  V) 

15 

10 

- 

10 

4.3 

10 

Output  Drive  Current 

Source 

'oh 

mA 

Data,  Write  (AL/CL/CP  Device) 

(Vqh  "4-6  V) 

5.0 

-1.2 

_ 

-1 .0 

-2.0 

-0.7 

(V0H  "  9-5  V) 

10 

-3.6 

_ 

—3.0 

-6  0 

—2.1 

(V0H -13  5  VI 

15 

-7.2 

_ 

-6.0 

-12 

'_ 

-4.2 

z 

(v0L -0.4  V) 

Sink 

lOL 

5.0 

1.9 

_ 

1.6 

3.2 

1.1 

(VOL  =  0.5V) 

10 

3.6 

3.0 

6.0 

2.1 

(v0l  -1.5  V) 

15 

7.2 

6.0 

12 

4.2 

Output  Drive  Current 

Source 

•OH 

mA 

Other  Outputs  (AL  Device) 

IVqh  "  2-5  V) 

5.0 

-3.0 

-2.4 

-4.2 

-1.7 

(V0H  "  «  6  V) 

5.0 

-0.64 

-0.51 

-0.88 

-0.36 

1V0H  -  9.5  V) 

10 

-1.6 

-1.3 

-2.25 

-0.9 

(V0H  '  13.5  VI 

15 

-4.2 

-3.4 

8.8 

-2.4 

(vql  -  °-4  vi 

Sink 

lOL 

5.0 

0.64 

0.51 

0.88 

0.36 

(V0L  *  0.5  V) 

10 

1.6 

1.3 

2.25 

0.9 

(Vql  -  '-5V1 

15 

4.2 

3.4 

8.8 

2.4 

Output  Drive  Current 

Source 

<0H 

mA 

Other  Outputs  (CL/CP  Device) 

(Voh  °  2-5  V) 

5.0 

-2.5 

-2.1 

-4.2 

-1.7 

(V0H  -*>-6  VI 

5.0 

-0.52 

-0.44 

-0.88 

-0.36 

(VOH  °  9-5  V) 

10 

-1.3 

-1.1 

-2.25 

-0.9 

(V0H  "  13.5  V) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

(v0L  ■  0.*  vi 

Sink 

•OL 

5.0 

0.52 

0.44 

0.88 

0.36 

(Vql  ■  0-5  vi 

10 

1.3 

1.1 

2.25 

0.9 

(v0l»  i.5  vi 

15 

3.6 

3.0 

8.8 

2.4 

#Data  labelled  "Typ"  is  not  to  be  used  for  design  purposes  but  is  intended  as  an  Indication  of 

the  IC's  potential  performance. 
*T|ow=  -65*C  for  AL  Device,  -40*C  for  CL/CP  Device. 

Thigh  -  +  125*C  for  AL  Device,  +  8S'C  for  CL/CP  Device. 
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ELECTRICAL  CHARACTERISTICS  (continued) 


Tlow* 

25°C 

Thigh* 

Characteristic 

Symbol 

V 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Input  Current,  no  l  lAL/LL/Lr  Device) 

■in 

15 

25 

- 

150 

- 

250 

nA 
«M 

Input  Current  (AL  Device) 

'in 

IS 

- 

10.1 

i  0.00001 

t0.1 

- 

:1.0 

JlA 

Input  Current  (CL/CP  Device) 

•in 

15 

- 

10.3 

•  0.00001 

•0.3 

- 

j  1.0 

nA 

Input  Capacitance  (Data) 

Cin 

- 

15 

pF 

Input  Capacitance  (All  Other  Inputs) 

Cin 

5.0 

7.5 

pF 

Quiescent  Current  (AL  Device) 

■dd 

5.0 

5.0 

0.005 

5.0 

150 

MA 

(Per  Package)  loul  -  0  nA. 

10 

10 

0.010 

10 

300 

Vin'Oor  V0D 

15 

20 

0.015 

20 

600 

Quiescent  Current  ICL/CP  Device) 

'OD 

5.0 

20 

0.005 

20 

150 

*iA 

(Per  Package)  lOU|  =  0  liA, 

10 

40 

0.010 

40 

300 

Vin»0  or  Vqd 

15 

80 

0.01  S 

80 

600 

"Total  Supply  Current  at  an  External 

"T 

lT  =  |1.5nA/kHl)  (  +  lop 

«A 

Load  Capacitance  (C|_)  on 

IT  ■  (3.0  <iA/kHl)f  +  IQD 

All  Outputs 

lT  -  (4.6)1  A/kHz)  1  *  l00 

•    T|ow  ■  -55°C  for  AL  Device.  -40°C  (or  CL/CP  Device. 

Thigh  ■  +125°C  (or  AL  Device.  +85°C  for  CL/CP  Device. 
**  The  formulas  given  are  for  the  typical  characteristics  only  at  25°C. 
#Dala  labelled  "Typ"  is  not  to  bo  used  for  design  purposes  but  Is  intended  as  an  indication  of 
the  IC's  potential  performance. 


SWITCHING  CHARACTERISTICS  <TA  -  25°C;  tr  -  tf  -  20  ns  for  X  and  I  inputs;  CL  -  50  pF  (or  JMP.  XI.  RR.  Flag  O.  Flag  F; 
C|.  -  130  pF  +  1  TTL  load  for  Data  end  Write.)   


Vqd 

All  Types 

Characteristic 

Symbol 

Vdc 

Min 

Typ* 

Max 

■ 

unit 

Propagation  Delay  Time,  XI  to  RR 

<PLH. 

5.0 

_ 

250 

500 

ns 

tPHL 

10 

- 

125 

250 

15 

100 

200 

XI  to  Flag  F,  Flag  0,  BTN,  JMP 

5.0 

200 

400 

10 

100 

200 

15 

85 

170 

XI  to  Write 

5.0 

225 

450 

10 

125 

250 

15 

100 

200 

XI  to  Data 

5.0 

250 

500 

10 

120 

240 

15 

100 

200 

RST  to  RR 

5.0 

250 

500 

10 

125 

250 

15 

100 

200 

RSTtoXI 

5.0 

450 

Note  1 

10 

200 

15 

150 

RST  to  Flag  F,  Flag  O,  RTN.  JMP 

5.0 

400 

800 

10 

200 

400 

15 

150 

300 

RST  to  Write,  Data 

5.0 

450 

900 

10 

225 

450 

15 

175 

350 

Clock  Pulse  Width,  XI 

>W(d) 

5.0 

400 

200 

ns 

10 

200 

100 

15 

180 

90 

Reset  Pulse  Width,  RST 

'W(R) 

5.0 

500 

250 

ns 

10 

250 

125 

15 

200 

100 

Setup  Time  —  Instruction 

<su(l) 

5.0 

400 

200 

ns 

10 

250 

125 

15 

180 

90 

Data 

■sulDI 

5.0 

200 

100 

10 

100 

50 

15 

80 

40 

Hold  Time  —  Instruction 

'h(l) 

5.0 

100 

0 

ns 

10 

50 

0 

15 

50 

0 

Data 

<h(D) 

5.0 

200 

100 

10 

100 

50 

15 

100 

50 

NOTE  1.  Maximum  Reset  Delay  may  extend  to  one-half  clock  period. 
#Data  labelled  "Typ"  Is  not  to  be  used  for  design  purposes  but  Is  intended  as  an  indication  of 
the  IC's  potential  performance. 
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FIGURE  1  -  TYPICAL  CLOCK  FREQUENCY 
nanus  RESISTOR  (Rcl 


100  tfl  1  MCI 

RO  CLOCK  FREQUENCY  RESISTOR 


Pin  No. 

Function 

Symbols 

1 

Chip  Reset 

RST 

2 

Write  Pulse 

Write 

3 

Date  In/Out 

Data 

4 

MSB  Instruction  Word 

'3 

5 

Bit  2  Instruction  Word 

'2 

6 

Bit  1  Instruction  Word 

It 

7 

LSB  Instruction  Word 

io 

8 

Negative  Supply  (Ground) 

9 

Flag  on  NOP  F 

FlagF 

10 

Flag  on  NOP  0 

FlagO 

11 

Subroutine  Return  Flag 

RTN 

12 

Jump  Instruction  Flag 

JMP 

13 

Oscillator  Input 

X2 

14 

Oscillator  Output 

XI 

15 

Result  Register 

RR 

16 

Positive  Supply 

VDD 

TABLE  1.  MC14500B  INSTRUCTION  SET 


Instruction  Coda 

Mnemonic 

Action 

0 

0000 

NOPO 

No  change  in  registers.      RR  —  RR,  Flag  0  —  _TL 

1 

0001 

LO 

Load  result  register.     Data— RR 

2 

0010 

LOC 

Load  complement.      Data  —  RR 

3 

0011 

AND 

Logical  AND.     RR  Oata  — RR 

4 

0100 

ANDC 

Logical  AND  complement.      RR-Data  —  RR 

S 

0101 

OR 

Logical  OR.     RR  +  Data  —  RR 

6 

0110 

ORC 

Logical  OR  complement.      RR  +  Data  —  RR 

7 

0111 

XNOR 

Exclusive  NOR.      If  RR  "  Data,  RR  —  1 

B 

1000 

STO 

Store.     RR  —  Oata  Pin,  WritB  —  XL 

9 

1001 

STOC 

Store  complement.     RR  —  Data  Pin,  Write  —  _TL 

A 

1010 

IEN 

Input  enable.     Data  —  IEN  Register 

B 

1011 

OEN 

Output  enable.     Data  —  OEN  Register 

C 

1100 

JMP 

Jump.      JMP  Flag  -  JT. 

D 

1101 

RTN 

Return.      RTN  Flag  —  J"L  and  skip  next  instruction 

E 

1110 

SKZ 

Skip  next  instruction  if  RR  3  0 

F 

1111 

NOPF 

No  change  in  registers.      RR  —  RR,  Flag  F  —  _TL 

FIGURE  2  -  OUTLINE  OF  A  TYPICAL  ORGANIZATION  FOR  A  MC14500B  BASED  SYSTEM 


e  -0 


I/O  Addrast 


'0-  ■  1 .  '2-  '3 


Additional 
Output  Dovicw 


MC14599B 
8  Bit  Addressable  Latch 
with  Bidirectional  Data 


1 


MC14512 
8-Channtl 
Oata  Sal  actor 


Additional 
Input  Device* 


6 

Output* 


8 

Inputt 


) 


To  Peripheral 


Program 
Countar 


MC14S00B 
ICU 
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TIMING  WAVEFORMS 


IEN 

Ragitter 


OEN 
Register 


Inttructioni  NOPO.  NOPF 

RR,  IEN,  OEN  remain  unaffected 


■  'VW(R)  H'PHL 


(RESET  TOXII 


(— -<PHL  (RESET  TO  RR) 

) — CD — O 

NOPO  NOPF  NOPO 


tPLH 

(DATA  TO  FLAG) 


1 


h—    'PHL     H  1—1 


J  V 


Instructions  SKZ,  JMP,  RTN 

RR,  IEN,  OEN  remain  unaffected 


4  Bit 

Inttruction 


SKP  F/F 
Internal 


— |  'W(cl)  1- — 


f 


IT 


-CD — CD — CD — CD — O — O- 

SKZ  •  JMP  RTN  .  JMP 

 r~ 


<PHL  — 
~\   (RESET  TO  Jump) 


Inttructiont  I  snored, 
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TIMING  WAVEFORMS 
Instructions  STO.  STOC.OEN 


4  Bit 

Instruction  STO 
STOC 


STO 
STOC 


STO 
STOC 


) — CD — O — C3 

NOP  OEN 


-tpLH'tpHL  ,X1  t0  0atal 


OEN  Rogistor 

(intornal) 


«PHL- 


-<PLH 


Valid  whan  RST  •  L 


NOTE  1 .  Valid  output  data. 


Instructions   LD.  LOC.  AND.  ANOC 
OR.ORC.  XNOR.  IEN 


r 


4  Bit 

Instruction 


Z> — C 


) — O — CD — O 

— ] 


NOP 


IEN  Register 
(internal) 


1 

(                 \  / 

—  <h(D) 

U- 'PLH. 'PHL  1X1  "OR") 

Valid  whan  RST  =  L 
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MOTOROLA 


TRIPLE  GATE 

DUAL  4-INPUT  "NAND"  GATE 

2-INPUT  "NOR/OR"  GATE 
8-INPUT  "AND/NAND"  GATE 

The  MC14501UB  is  constructed  with  MOS  P-channel  and  N-channel 
enhancement  mode  devices  in  a  single  monolithic  structure.  These  com- 
plementary MOS  logic  gates  1ind  primary  use  where  low  power  dissipation 
and/or  high  noise  immunity  is  desired.  Additional  characteristics  can  be 
round  on  the  Family  Data  Sheet. 


»  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 
«  Logic  Swing  Independent  of  Fanout 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Vollagoa  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  to  +16.0 

V 

V|„.  vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  VDD  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

.  10 

mA 

PD 

Power  Dissipation,  per  Packagot 

500 

mW 

Tatfl 

Storage  Temperature 

-65  to  +  150 

•c 

Tl 

Load  Temperature  (6-Socond  Soldering) 

260 

°C 

'Maximum  Ratings  are  Ihosa  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Packago:  -  12mW/*C  from  654C  lo  85°C 

Ceramic  "L"  Package:  -12mW/*C  (mm  100*C  to  125°C 


CIRCUIT  SCHEMATIC 


6l  i  c- 


(71  3  c- 


(S)  4C~ 


VDDy!fl 


n 


3^ 


5 


IE 


Number*  in  parenthetic  Are  for  second  4  inpui  gate 


MC14501UB 


CMOS  SSI 

(LOW  POWER  COMPLEMENTARY  MOS) 

TRIPLE  GATE 
DUAL  4-INPUT  "NAND"  GATE 

2  INPUT  "NOR/OR"  GATE 
8-INPUT  "AND/NAND"  GATE 


L  SUFFIX 
CERAMIC  PACKAGE 

CASL  6J0 


P  SUFFIX 
plastic  package 

CASS  HtB 


ORDERING  INFORMATION 

A  Series:  —  SS'C  10  +  1 2S°C 

MC14XXXUBAL  (Ceramic  Packago  Only) 

C  Series:  -40'Cto  ■*■  85*C 
MC14XXXUBCP  (Plastic  Packago) 
MC14XXXUBCL  (Ceramic  Package) 


LOGIC  DIAGRAM 
(POSITIVE  LOGIC) 


)         )C-J  1*  AND 

^3n\      H^O— '5  NAND 

>^jD^  ° 

9  ^'DD  ■  p'n  1* 


VSS  -  P.nt 


Use  Dottnd  Connection  Externally  to 
Obtain  S  Input  AN  O/N  AND 


Note:   Pin  14  must  not  be  used  as  an  input 
to  the  inverter 
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ELECTRICAL  CHARACTERISTICS  (Voltagos  Roteronced  to  vss) 


VDD 

T| 

2S°C 

Thijh* 

Characteristic 

Symbol 

Vdc 

Min 

Mm 

Min 

Typ# 

Men 

Min 

Max 

Unit 

Output  Voltage 

"0"  Level 

vOL 

5  0 

0  05 

_ 

0 

0.05 

_ 

0.05 

Vdc 

Vin-VDD°'° 

10 

0.05 

- 

0 

0.05 

- 

0.05 

15 

O.OS 

- 

0 

0.05 

- 

0.05 

"1"  Level 

Vnu 
On 

5.0 

4.SS 

4.95 

5.0 

- 

455 

- 

Vdc 

10 

9.95 

_ 

9.95 

10 

- 

955 

- 

15 

14.95 

_ 

14.95 

15 

- 

1455 

- 

Input  Voltege 

"0"  Level 

VIL 

Vdc 

(Vo  -3.6  or  1.4  Vdcl 

5.0 

1 .5 

2.25 

1 .5 

1.4 

<Vn-7.2or2.8Vdc> 

10 

3.0 

4.50 

3.0 

_ 

2.9 

(V0-  11.5  or  3  5  Vdc) 

15 

3  75 

_ 

6.75 

3.75 

- 

3.6 

(V0- 1.4  or  3.6  Vdc 

"1"  Level 

VIH 

5.0 

3.6 

3.5 

2.75 

3.5 

Vdc 

(V0  -  25  or  7.2  Vdcl 

10 

7.1 

7.0 

5.50 

7.0 

IVq-3.6  or  11.5  Vdcl 

15 

1 1 .4 

11 .25 

8.25 

110 

Output  Drive  Current 

'OH 

mAdc 

IAL  Device) 

IVqh  -  2-5  Vdc) 

Source 

5.0 

-1.2 

- 

-1 .0 

-1 .7 

-0.7 

(Vqh  -  4.6  Vdc) 

5.0 

-0.25 

- 

-0.2 

-0.36 

-0.14 

IVOH  "9-6  Vdc) 

NAND* 

10 

-0.62 

— 

-0.5 

-0.9 

-0.35 

IVqh  "  '3  5  Vdcl 

15 

—15 

-15 

-35 

_ 

-1.1 

_ 

(Vqh  "  2-S  Vdc) 

NOR 

5.0 

-2.1 

-1.75 

-3.0 

-1  22 

m  Adc 

(Vqh  "  «-6  Vdcl 

5.0 

—0.42 

-0.35 

-0.63 

-0.24 

IV0H"9  5  Vdcl 

10 

-058 

-1.58 

-0.62 

(V0H- 13.5  Vdcl 

IB 

—3  1 

-2.63 

-6.12 

-1.84 

(Voh  "  2S  Vdcl 

NOR- 

5j0 

—3.6 

-3.0 

-5.1 

_ 

-2.1 

 mAdc  

IVqh  ""6  Vdcl 

5.0 

-0.72 

-0.6 

-1.08 

- 

-0.42 

- 

(Voh  "  9-S  Vdc) 

Invorter 

10 

-15 

-IS 

-2.7 

- 

-1.0S 

- 

IVqh  "  '3-5  Vdc) 

15 

-5.4 

-4.5 

-10.5 

- 

-3.15 

- 

(Vol  "0.4  Vdc) 

Sink 

Ini 

'UL 

5.0 

0.64 

051 

058 

0.36 

mAdc 

(Vql -os  vdcl 

NAND* 

10 

1.6 

1.3 

2.25 

_ 

05 

_ 

(Vol  -  is  vdcl 

15 

42 

3.4 

85 

_ 

2.4 

(Vol  -  °-4  vdd 

NOR 

5.0 

052 

0.77 

1.32 

054 

 u  

mAdc 

(V0L  -  05  Vdcl 

10 

234 

155 

3.37 

_ 

1.36 

_ 

(Vol  "  is  vdcl 

15 

6.12 

5.1 

13.2 

_ 

357 

<vol  -  o-4  vdcl 

NOR- 

5.0 

1 54 

1 .28 

2.2 

050 

mAdc 

(Vql -os  vdc) 

Inverter 

10 

350 

3.25 

5.63 

227 

(V0L-15VdcI 

15 

10.2 

85 

22 

_ 

555 

Output  Drive  Current 

>OH 

mAdc 

(CL/CP  Devi  col 

(Vqh  "  2S  Voc) 

Source 

5.0 

-1.0 

— 

—05 

—1 .7 

—0.6 

IV0H  -45  Vdc) 

5.0 

-02 

- 

—0.16 

—056 

-0.12 

(Vqh  "  9S  Vdc) 

NAND* 

10 

-OS 

-0.4 

-05 

-05 

(v0H  "<3S  Vdcl 

15 

 j  £ 

_1 2 

-35 

-1.0 

(V0H  -  25  Vdcl 

NOR 

5.0 

-158 

—1 .4 

—3.0 

—1.05 

mAdc 

(VOH  -45  Vdcl 

5.0 

-0.34 

-0.28 

-0.63 

-0.21 

(V0H  -  95  Vdcl 

10 

— 054 

-0.7 

-1.58 

-052 

(Voh  -135  Vdcl 

15 

—252 

-2.1 

-6.12 

_ 

-1.57 

(V0H  -  2S  Vdc) 

NOR- 

5.0 

-258 

—2.4 

—5.1 

-15 

mAdc 

(voh  -4-8' vdcl 

5.0 

-0.48 

-1.08 

_ 

-056 



(Vqh  "95  Vdcl 

Inverter 

10 

— 1 .44 

—1.2 

-2.7 

-05 

(v0H  - 135  vdc) 

IS 

-4.32 

-35 

-105 

-2.7 

(VOL-0.4Vdc) 

Sink 

'OL 

5.0 

052 

0.44 

058 

0.36 

mAdc 

(Vql  -  os  vdc) 

NAND* 

10 

1 3 

1.1 

225 

05 

(Vql-  is  vdc) 

15 

3.6 

3.0 

85 

2.4 

(v0l  -  o.4  vdc) 

NOR 

5.0 

0.79 

056 

1.32 

054 

mAdc 

(V0L  -  05  Vdcl 

10 

158 

1.65 

3.37 

1.38 

(Vol -is  Vdcl 

15 

5.4 

45 

132 

357 

(vol  -  0'4  vdc) 

NOR- 

5.0 

1.32 

1.1 

22 

050 

mAdc 

(vol  -  os  vdcl  I 

Inverter 

10 

33 

2.75 

5.63 

227 

(Vql -is  vdcl 

15 

95 

75 

22.0 

555 

#Data  labeled  "Typ"  is  not  to  be  used  for  design  purposes,  but  Is  Intended  as  an  indication  of  the  IC's  potential  performance. 


*The  output  drive  current  of  Pin  1 5  is  tested  with  Pin  1 4  open-circuited. 
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ELECTRICAL  CHARACTERISTICS  (Continued! 


Characteristic 

Symbol 

Vdc 

Tlow' 

»°C 

Thkj 

I)* 

UnH 

Mln 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Input  Current  (AL  Do  vice) 

•in 

16 

tO.I 

10.00001 

10.1 

11.0 

jiAdc 

Input  Current  (CL/CP  Device) 

■in 

16 

•0.3 

10.00001 

i0.3 

±1.0 

fiAdc 

Input  Capacitance 
(Vin-0) 

Cin 

6.0 

7.5 

PF 

Quioscent  Current  (AL  Device) 
(Per  Package) 

>DD 

6.0 
10 
15 

0.25 
0.50 
1.00 

0.0005 
0.0010 
0X1015 

0.25 
0.50 
1.00 

7.6 
16.0 
30.0 

uAdc 

Quiescent  Current  (CL/CP  Device) 
(Per  Package) 

*DD 

6.0 
10 
16 

1.0 
2.0 
4.0 

0.0006 
0.O01O 
0.0016 

1.0 
2.0 
4.0 

7.5 
15.0 
30.0 

uAdc 

Total  Supply  Current  a"t 
(Dynemic  plus  Quiescent. 
Per  Package) 

(Ci  -  50  pF  on  all  Outputs,  all 
buffers  switching) 

"T 

5.0 
10 
16 

IT-(1.2«A/I<H2)I  +  |0D 
lT-(2.4,iA/kHl|f  +  lOD 
lT-(3.6|iA/kHl|f  +  loo 

uAdc 

*Tlow"  ~  55,0  ,0T  AL  Device,  -  40*C  for  CL/CP  Oovlco.  tTo  c&lculBto  total  supply  curtonl  st  loads  other  than  50  pF: 

Th[Qh"  +125*C  for  AL  Dovlco,  +65*C  tor  CL/CP  Device. 

■t(Cl>  -  'TIS®  PF)  +  <CL  -60)  Vlh 

#Data  labelled  "Typ"  Is  not  to  bo  usod  tor  design  purposes  but  Is 
Intondod  as  an  Indication  ot  tho  IC's  potontlal  portormanco.  where:  lT  Is  In  rA  (per  package),  C|_  In  pF.  V  -  (Vqq-  Vgs) ln  volts. 

( In  kHz  Is  Input  frequency,  and  k  -  0.004. 

"Tho  formulas  given  are  for  tho  typical  characteristics  only  at  25*C. 


SWITCHING  CHARACTERISTICS"  (CL  -  60  pF.  TA  -  25°C) 


Characteristic 

Figure 

Symbol 

VOD 

Typ# 

Max 

Unit 

Output  Rise  Time 

NAND.  NOR 

2.3 

TLH 

ns 

TLH  *  ,3  °  ns/pF)  Cl  +  30  ns 

6.0 

180 

360 

tfLH  "  <1.5rtl/pF)C|_+  16  ns 

10 

90 

180 

«TLH  "  I1-1  "S/pFI  Cl  +  10  ns 

16 

66 

130 

Output  Fall  Time 

NAND.  NOR 

2.3 

THL 

ns 

tTHL'  (1^nt/pFICL  +  25rts 

6.0 

100 

200 

THL  "        ns/pF)  CL  ♦  12.5  ns 

10 

60 

100 

tTHL  "  'I-55  n«/pF)  Cl  +  9.8  ns 

16 

40 

so 

Output  Rise  Time 

NOR-lnverter 

3 

TLH 

ns 

tTLH  "  C1J6  ns/pFI  CL  ♦  32.6  ns 

6.0 

100 

200 

TLH  "  f0-60  ns/pF)  C(.  +  20  ns 

10 

60 

100 

TLH  "  <°-40  ns/pF)  Cl  ♦  1 7  ns 

16 

40 

80 

Output  Fell  Time 

NOR-lnverter 

3 

THL 

ns 

tTHL  *  l0-67  ns/pF)  C(.  +  26.6  ns 

6.0 

60 

120 

<THL  "  l°-46  nsJpF)  Cl  ♦  1 7.6  n» 

10 

40 

BO 

tfHL  '  «>.37  ns/pF)  CL  ♦  11.5  ns 

15 

30 

60 

Propagation  Delay  Time 

NAND 

2 

«PLH. 

ns 

tpLH,  tpHL  "       ns/pF)  Cl  +  46  nt 

«PHL 

60 

130 

260 

«PLh!  «PHL  "  W-66  nt/pFI  Cl  +  37  n« 

10 

70 

140 

«PLh'.  <PHL  "  W-S  na/pF)  Cl  +  26  ns 

16 

SO 

100 

«PLH,  tpHL  '  <1-7  ns/pF)  C(.  +  30  ni 

NOR 

3 

«PLH. 

6.0 

116 

230 

ns 

•PLH.'tpHL  "  WW  nt/pF)  C(.  ♦  32  n» 

«PHL 

10 

66 

130 

tpLH.  'PHL  "  I"-5  «s/pF)  Cl  +  20  n» 

16 

45 

M 

tpLH,  «PHL  "  <'-7  ns/pF)  Cl  ♦  48  ns 

NOR-lnverter 

3 

«PLH. 

6.0 

130 

260 

ns 

<PLh]  «PHL  "  'O-68  ns/pFI  Cl  +  37  ns 

IpHL 

10 

70 

140 

«PLH.  «PHL  "  <°-B  ns/pF)  Cl  +  26  ns 

16 

60 

100 

*Tho  formulas  givon  aro  for  tho  typical  ch&ractorlstlcs  only  at  25'C.  #0ala  latwllod  "Typ"  Is  not  to  bo  used  for  doafgn  purposos  but  la 

tntondod  as  an  Indication  ol  Iho  IC*s  potontlal  porformsneo. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-imped- 
ance circuit.  For  proper  operation,  V|n  and  Vogt  should  be  constrained  to  the  range  Vss  *  (vln  or  Vout)  <  Vqq. 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g..  either  Vss  or  VDD)-  Unused  outputs  must 
be  left  open. 
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FIGURE  1  —  POWER  DISSIPATION  TEST  CIRCUIT 
AND  WAVEFORM 


FIGURE  2  -  4-I.NPUT  "NAND"  GATE  SWITCHING 
TIME  TEST  CIRCUIT  AND  WAVEFORMS 


PulM 
G«ner«tor 


«THL  ITLH 


FIGURE  3  -  "NOR"  GATE  and  "NOR-INVERTER" 
SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


PulM 

Input ( 

Gvnsrator 

~7 

Output (SI 
O 


Output  <C) 


Output  IB)  -  "NOH" 
Output  (CI  -  **NOR-lnv«r*r" 


All  unutad  Inputs 
connected  to  ground. 


Input (A) 

•PHL— 


«THL 
•PLH  — 


Output  (CI 


90% 
50% 
10* 


-vOD 


■Vss 


—'PLH 


'  H    I—  tTLH  -H 

a I  ■    -I  «PH 
—  «THL— |  |— 


vOL 
«PHL 


VOH 

vol 
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MC14502B 


STROBED  HEX  INVERTER/BUFFER 

The  MC14502B  is  a  strobed  hex  buder/lnverter  with  3-state  outputs,  an 
inhibit  control,  and  guaranteed  TTL  drive  over  the  temperature  range.  The 
3-state  output  simplifies  design  by  allowing  a  common  bus. 

•  Separate  Output  Disable  Control 

•  3-State  Output 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  ol  Driving  4LSTTL  Loads  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Voltages  Roloronced  lo  VgS) 


CIRCUIT  DIAGRAM 


Othar  five  buffsri  identical 


J 


1 


TRUTH  TABLE 


On 

Inhibit 

□  iublfl 

On 

0 

a 

0 

1 

1 

0 

0 

0 

X 

1 

0 

0 

X 

X 

1 

High 
Imptdinci 

Symbol 

Paramotor 

Value 

Unit 

vDD 

DC  Supply  Voltage 

-0.5  to  +  1B.0 

V 

Vin.  Voul 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  lo  VDD  +0  5 

V 

■in 

Input  Current  (DC  or  Transient),  per  Pin 

r  10 

mA 

'out 

Output  Current  (DC  or  Transient),  per  Pin 

+  30 

mA 

PD 

Power  Dissipation,  per  Packagot 

500 

mW 

Tslq 

Storago  Temperature 

-65  to  »  150 

•c 

TL 

Lead  Temperature  (6-Socond  Soldoring) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemporaluro  Derating:  Plastic  "P"  Package:  -  12mW/"C  from  65'C  lo  85°C 

Ceramic  "L"  Packago:  -  12mW/"C  from  100°C  to  125*C 


X  -  Don't  Car* 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

STROBED  HEX 
INVERTER/BUFFER 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE         PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series:  -  55'C  lo  +  125'C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Sorloa:  -  40*C  lo  +B5eC 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCI  (Ceramic  Package) 


LOGIC  DIAGRAM 


4  c— 


Output  OiBBbla 

Inhibit  120- 


DI  BO- 


D3 


tao—  — 3Z-^ 


-OH  OS 


VDD  -  Pin  16 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  vss) 


VDD 

Tlc 

25°C 

Thioh" 

Characttmttc 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage                "0"  Level 

vol 

5.0 

— 

0.05 

0 

0.05 

0.05 

Vdc 

V|n  »  Vnn  or  0 

in      l>  u 

10 
15 

— 
— 

0.05 
0.05 



o 

0 

0.05 
O.OS 

_ 

0.0S 
O.OS 

"V  Lewi 

voh 

5.0 

4.95 

— 

5.0 

4.95 

Vdc 

V|„-0or  VD0 

10 

9.95 

— 

9.95 

10 

9.95 

IS 

14  95 

— 

14.95 

15 

14.95 

Input  Voltage                   "0"  Level 

V|L 

Vdc 

(Vq-4.5  or  0.5  Vdcl 

5.0 

I.S 

2  25 

1.5 

1  -5 

(V0  -9  0  or  1.0  Vdcl 

10 

_ 

3.0 

4.50 

3.0 

3.0 

(V0- 13.5  or  1.5  Vdcl 

IS 

— 

4  0 

_ 

6.75 

4.0 



4  0 

"1"  Lewi 

V|H 

(V0  =  0.5  or  4.5  Vdcl 

5.0 

3.5 

— 

3.5 

2.75 



3  5 



Vdc 

(  Vq  •  1  0  ot  9.0  Vdcl 

10 

7.0 

— 

7.0 

5.S0 



7.0 



IV0»1.5or  13.5  Vdcl 

15 

11.0 

11.0 

8.25 

_ 

11.0 



Output  Drive  Current  (AL  Oovice) 

'OH 

mAdc 

IV0H- 2.5  Vdcl  Source 

5.0 

-3.0 

— 

-2.4 

-4.2 

_ 

-1.7 

_ 

IVqh  °4.6  Vdcl 

5.0 

-0.64 

— 

-0.S1 

-0.88 

_ 

-0.36 



(V0H  "9.5  Vdcl 

10 

-1.6 

— 

-1.3 

-2.25 

_ 

-0.9 



(Voh  "13.5  Vdcl 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

— 

IVql  -0.4  Vdcl  Sink 

'OL 

5.0 

3.5 

— 

2.8 

6.6 

— 

2.0 

— 

mAdc 

(Vql  -0.5  Vdcl 

10 

7.8 

— 

6.3 

17 

— 

4.4 

— 

(Vql  "  1.5  Vdcl 

15 

29 

24 

66 

— 

16 

— 

Output  Drive  Current  (CL/CP  Dovice) 

'OH 

mAdc 

'"OH    *•»  vac)  Source 

5.0 

—  2.5 

-2.1 

-4.2 

— 

-1.7 

— 

5  0 

—0.52 

-0.44 

-0.88 

— 

-0.36 

— 

(Vnu  »  9  S  Vdcl 

10 

—  1 .3 

-1.1 

-2.25 

— 

-0.9 

— 

'V0H  "  13-5  Vdcl 

15 

—  3.6 

—  3.0 

—  8.8 

—  2.4 

--  — 

|Um  b04  UHrl  linlf 

'OL 

5  0 

2  3 

1.9 

6.6 

— 

1.6 

— 

lv0L  "  °-5  Vdcl 

10 

S.0 

4.2 

17 

3.4 

|Vq|_b1.S  Vdcl 

15 

19 

16 

66 

13 

Input  Current  (AL  Device) 

•in 

15 

tO.l 

to  00001 

;  0  1 

!  1  0 

— — - — 

uAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

- 

•.03 

10.00001 

10J 

11.0 

pAdc 

Input  Capacitance 

Cin 

5.0 

7.5 

pF 

IVin-0) 

Quiescent  Current  (AL  Device) 

■dd 

S.O 

— 

1.0 

0.002 

1.0 

- 

30 

uAdc 

(Per  Package) 

10 

2.0 

0.004 

2.0 

60 

IS 

- 

4.0 

0.006 

4.0 

— 

120 

Quiescent  Current  (CL/CP  Device) 

'dd 

S.O 

— 

4.0 

0.003 

4.0 

— 

30 

uAdc 

(Per  Package) 

10 

— 

8.0 

0.004 

8.0 

60 

16 

0.006 

16 

120 

Total  Supply  Current a  *  t 
(Dynamic  plus  Ouiescont, 

'T 

5.0 
10 

IT  '  (2.7  <iA/kHi)  1  ♦  |0D 
'T  •  (5.3  »A/kHi)  1  ♦  |D0 

uAdc 

Per  Package) 

IC|_  -  50  pF  on  all  outputs,  all 

15 

'T  -  (8.0  cA/kHi|  1  t  Iqo 

buffers  switching) 

Three-State  Leakage  Current 
(AL  Device) 

'TL 

15 

tO.l 

;  0.00001 

t0.1 

13.0 

pAdc 

Three-State  Leakage  Current 

'TL 

15 

11.0 

•0.00001 

no 

±7.5 

MAdc 

ICUCP  Device) 

•Ttow-  -SS*C  for  AL  Dovleo.  -40'C  for  CL/CP  Do v lea. 
Th»Ch  ~  +  125*C  for  AL  Device,  +  8S*C  for  CL/CP  Device. 

#Data  labollod  "Typ"  Is  not  to  bo  usod  for  doslsn  purposes  but  is 
Intended  as  an  Indication  of  tho  IC's  potential  performance. 

"The  formulas  glvon  are  for  tho  typical  characteristics  only  at  25*C- 
fTo  cstculato  total  supply  current  at  loads  other  than  SO  pF: 

\j{CL)  -  lT<50pF)  +  (CL  -50)  Vfk 

whoro:  lj  Is  lr>i*A  (per  package),  C|_lnpF,  V  -  (Vqq- Vgg)  In  volts, 
f  In  kHz  Is  Input  froquency.  and  k  -  0.006. 


PIN  ASSIGNMENT 


1 

03 

16 

2 

r= 

Q3 

06 

IS 

3 

c= 

□  1 

Q6 

14 

4 

c= 

Disable 

D5 

13 

5 

Ol 

Inh 

12 

6 

f= 

D2 

as 

11 

7 

Q2 

04 

10 

8 

vss 

Q4 

9 

This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  ba  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  hlgh-lmpod- 
ance  circuit.  For  proper  operation,  V(n  and  Vout  should  be  constrained  to  the  range  Vss  *  (vtn  or  VquO  *  VDD- 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD>-  Unused  outputs  must  be 
left  open. 
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SWITCHING  CHARACTERISTICS'  (C|_  »  50  pF,  TA  =  25'C) 


All  YuMin 

All  Types 

Characteristic 

Symbol 

VDD 

Mln 

Typ# 

Max 

Unit 

Output  Rise  Time 

tRH 

5.0 

— 

100 

200 

ns 

10 

— 

50 

100 

15 

— 

40 

80 

Output  Fall  Time 

THL 

5.0 

— 

40 

SO 

ns 

10 

— 

20 

40 

15 

— 

15 

30 

Propagation  Delay  Time  Data  to  0 

IPHL 

5.0 

— 

135 

270 

ns 

10 

— 

55 

110 

15 

— 

40 

80 

Propagation  Delay  Time,  Inhibit  to  Q 

>PHL 

5.0 

— 

335 

670 

ns 

10 

— 

145 

290 

15 

— 

95 

190 

Propagation  Delay  Time  Data  to  0,  Inhibit  to  Q 

IPLH 

5.0 

— 

295 

590 

ns 

10 

— 

130 

260 

15 

— 

95 

190 

3-State  Propagation  Delay,  Output  "1"  to  High  Impedance 

'PHZ 

5.0 

- 

65 

130 

ns 

10 

30 

60 

15 

25 

50 

3- Slate  Propagation  Delay,  High  Impedance  to  "1"  Level 

tPZH 

5.0 

260 

520 

ns 

10 

105 

210 

15 

60 

160 

3- Slate  Propagation  Delay.  Output  "0"  to  High  Impedance 

tPLZ 

5.0 

150 

300 

ns 

10 

70 

140 

15 

55 

110 

3-Slale  Propagation  Delay,  High  Impedance  to  "0"  Level 

tPZL 

5.0 

160 

320 

ns 

10 

65 

130 

15 

50 

100 

'The  formulas  given  are  lor  the  typical  characteristics  only  at  25°C. 


#Data  labelled  "Typ"  is  not  to  be  used  lor  design  purposes  but  is 
intended  as  an  Indication  of  the  IC's  potential  performance. 


FIGURE  1  -  TYPICAL  OUTPUT  SOURCE 
CURRENT  TEST  CIRCUIT  IIqh) 


FIGURE  2  -  TYPICAL  OUTPUT  SINK 
CURRENT  TEST  CIRCUIT  <lrjL> 
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VSS 


Inh 

Ol 

D1 

02 

02 

03 

D3 

04 

04 

OS 

OS 

OS 

OS 

vol  ^  vom 


vos  -  Vol 

Vqs-Vdd 


6-225 


MC14502B 


FIGURE  3  -  POWER  DISSIPATION  TEST  CIRCUIT 
AND  WAVEFORM 


VOD 


FIGURE  4  —  AC  TEST  CIRCUIT  AND  WAVEFORMS 
(*TLH-  »TKL-  »PLH.  «nd  «PHL) 


FIGURE  5  —  3-STATE  AC  TEST  CIRCUIT  AND  WAVEFORMS 
(tPHZ-  <PLZ-  >PZH-  *PZL) 


Switch  Poiilioni  for  3-SUW  Tnt 


PulM 
Qanarator 


IS  Vod 


Olubla 

Inhibit 

oi 

01 

03 

02 

03 

D3 

04 

04 

OS 

OS 

OS 

oe 

For  all  tT(_H,  txHL.  «PHL-  and  tpLH  maasuramanta  V|„ 
may  ba  appllad  to  any  othar  Dn  Input  or  to  Inhibit. 


TEST 

SI 

S2 

S3 

S4 

VHZ 

Opan 

Clotad 

Cloud 

Opan 

«PLZ 

ClOMd 

Opan 

Opan 

Cloud 

«PZL 

Cloud 

Opan 

Opan 

Cloud 

tPZH 

Opan 

Cloud 

Cloud 

Opan 

20  ns  — -|   I—  u 

JT  90%  \  " 

#50%  \ 

Dissbla        T  V 


tPlZ" 


Q  Outputs     tPHZ  — ■ 
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-  0.5  V  <S  VDD  =  5  V, 
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@  VDD  =  10  V 
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HEX  NON-INVERTING  3-STATE  BUFFER 

The  MC14503B  is  a  hex  non-inverting  buffer  with  3-statc  outputs, 
and  a  high  current  source  and  sink  capability.  The  3-state  outputs 
make  it  useful  in  common  bussing  applications.  Two  disable  controls 
are  provided.  A  high  level  on  the  Disable  A  input  causes  the  outputs 
of  buffers  1  through  4  to  go  into  a  high  impedance  state  and  a  high 
level  on  the  Disable  B  input  causes  the  outputs  of  buffers  5  and  6 
to  go  into  a  high  impedance  state. 

•  3-State  Outputs 

•  TTL  Compatible  -  Will  Drive  One  TTL  Load  Over  Full  Tempera- 
ture Range 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Two  Disable  Controls  for  Added  Versatility 

•  Pin  for  Pin  Replacement  for  MM80C97  and  340097 


MAXIMUM  RATINGS*  (Vollages  Reloroncod  to  Vgs) 


Symbol 

Parameter 

Value 

Unit 

vdd 

DC  Supply  Voltage 

-0.5  to  +  18.0 

V 

vin-  vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  VDD  +0.5 

V 

■in 

Input  Current  (DC  or  Transient),  per  Pin 

r  10 

mA 

'oul 

Output  Current  (DC  or  Transient),  per  Pin 

-25 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

T91q 

Storago  Tomporaturo 

-65  to  +150 

•c 

TL 

Lead  Temporature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTomperature  Derating:  Plastic  "P"  Package:  -  12mW/"C  Irom  65°C  to  85"C 

Ceramic  "L"  Package:  -  12mVW'C  from  100*C  to  125*C 


CIRCUIT  DIAGRAM 

On©  ot  (wo/four  buflin 


vDd 


"DiMbltl^ 


D — isJ 


To  Other  Suffers 


1 

O 


I  I 


'□lode  protection  on  all  input!  (not  thown) 


This  device  contains  protection  circuitry  Vjn  and  V0ut  should  be  conslrained  lo 
to  guard  against  damage  due  to  high    the  range  Vss  *  (vin  or  vout)  *■  VDD- 


static  voltages  or  electric  fields.  How- 
ever, precautions  must  be  taken  to  avoid 


Unused  inputs  must  always  be  tied  to  an 


applications  of  any  voltage  higher  than  appropriate  logic  voltage  level  (e.g.,  ei- 
maximum  rated  voltages  to  this  high-im-  ther  Vgs  or  Vdd).  Unused  outputs  must 
pedance  circuit.  For  proper  operation,    be  left  open. 


MC14503B 


CMOS  SSI 

(LOW-POWER  COMPLEMENTARY  MOS) 

HEX  3-STATE  BUFFER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  64B 


ORDERING  INFORMATION 

A  Sorlos:  -55'Cto  -t-125'C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -  40'C  to  -85*C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


TRUTH  TABLE 
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Disable 
Input 
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1 

High 
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LOGIC  DIAGRAM 
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ELECTRICAL  CHARACTERISTICS  (Voiiagot  Roioroncod  10  vss) 


Vqo 

Tlow' 

25°C 

Iti 

Characteristic 

Symbol 

Vdc 

Min 

Mix 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltago             "0"  Level 

vol 

5.0 

0.05 

0 

0.05 

— 

0.05 

Vdc 

10 

0  05 

Q 

0  05 

0.05 

15 



0.05 

0 

0.05 

0.05 

"1"  Level 

V0H 

5.0 

4.95 

— 

4.95 

5.0 

— 

435 

Vdc 

•In  vuD 

10 

9.95 

— 

9.9S 

10 

935 

15 

1435 

— 

1435 

15 

— 

14.95 

Input  Voltage                   "0"  Level 

VlL 

Vdc 

1VQ  ■  O.D  or  1.4  VOCI 

5.0 

— 

15 

— 

2.25 

1.5 

1.5 

(Vq  ■  7.2  or  2.8  Vdc) 

10 

— 

3.0 

— 

4.50 

3.0 

3.0 

(V0-  11.5  or  3.5  Vdc) 

"1"  Level 

15 

— 

4.0 

6.75 

4.0 

(V0-1.4or  3.6  Vdc) 

V|H 

5.0 

3.5 

2.75 

~ 

3.S 

Vdc 

(Vo  -  2&  or  7.2  Vdc) 

10 

7.0 

— 

7.0 

5.5 

7.0 

(Vo  -  33  or  11.6  Vdc) 

IS 

11 

— 

11 

8.25 

— 

1 1 

Output  Drive  Current  (AL  Device)*** 

'OH 

mAdc 

<V0H  -  2.5  Vdc)  Source 

4.5 

-4.3 

— 

-3.6 

-5.0 

— 

-2.5 

— 

(VoH  "  2-5  Vdc) 

5.0 

-S.8 

— 

-430 

-6.1 

— 

-3.0 

(Voh  "  4-6  Vdc) 

5.0 

-1.2 

— 

-1j02 

-1.4 

— 

-0.7 

(V0H  ■  9.5  Vdc) 

10 

-3.1 

— 

-2.60 

-3.7 

— 

-1.8 

(Voh  "  VdC) 

15 

-8.2 

-6  BO 

-14.1 

— 

-4.8 

Sink 

<OL 

mAdc 

(Vqi_  -  0.4  Vdc) 

4.5 

2.2 

— 

1.8 

2.1 

— 

1  2 

(Vol  ■  0,4  Vdc* 

5.0 

2.6 

— 

2.1 

2.3 

— 

1 .3 

— 

(Vol  "  0-5  vdc) 

10 

6.5 

— 

5.5 

6.2 

— 

3.8 

(Vql  ■  i«5  Vdd 

15 

19.2 

— 

16.10 

25.00 

— 

1 1 .2 

Output  Drive  Current  (CL/CP  Device)  * "  * 

>OH 

mAdc 

(Voh  "  2.5  Vdc)  Source 

4.75 

-4.0 

-3.60 

-5.6 

— 

—2.4 

«vOH    «•*>  VdcJ 

5.0 

-4.6 

-4.20 

-6.1 

-3  0 

(Voh  4-6  vdci 

5.0 

-1.0 

— 

-0JB8 

-1.4 

— 

—0.7 

(Vqh  ■  9-5  Vdc) 

10 

-2.4 

— 

-2.20 

-3.7 

— 

-1.8 

(Vqh  =  13.5  Vdc) 

15 

-6.6 

— 

-6.00 

-14.1 

— 

-4.8 

Sink 

"OL 

mAdc 

(Vol  o.4  vdci 

4.75 

2.1 

— 

1.95 

2.2 

— 

1  25 

(Vql  *  0-4  Vdc) 

5.0 

2.3 

— 

2.10 

2.3 

1 J3 

IVQL     U.O  VOCI 

10 

6.0 

5.45 

6.2 

3.8 

IVQL     '•*>  VOCI 

15 

15.2 

1330 

26 .00 

11  2 

Input  Current  (AL  Device) 

■in 

15 

— 

:0  1 

— 

10.00001 

:0  1 

1 1 .0 

uAdc 

Input  Current  (CL/CP  Device) 

■in 

IS 

— 

10.3 

— 

iO.OOOOI 

10.3 

4  1.0 

uAdc 

Input  Capacitance  (Vjn  "  0) 

c,„ 

5.0 

7.5 

pF 

Quiescent  Current  (AL  Device) 

'Q 

5.0 

— 

1.0 

— 

0.002 

1.0 

30 

(Per  Package) 

10 

— 

2.0 

— 

0.004 

2.0 

60 

15 

— 

4.0 

— 

0.006 

4.0 

120 

Quioicent  Current  (CL/CP  Device) 

■do 

5.0 

4.0 

0.002 

4.0 

30 

uAdc 

(Per  Package) 

10 

8.0 

0.004 

8.0 

60 

15 

16 

0.008 

16 

120 

Total  Supply  Current  *  *  t 

't 

5.0 

MAdc 

(Dynamic  plus  Quiescent,  Per  Package) 

10 

'T 

=  (2.5  |iA/kHz)  1  +  l00 

(Cl  -  50  pF  on  all  outputs) 

IS 

't 
■t 

=  (6.0  p  A/kHz)  1  +  loo 
=  (lOllA/kHz)  f  +  Inn 

(All  outputs  switching,  50%  Duty  Cycle) 

3-Stste  Output  Leakage  Current 

■tl 

15 

•0.1 

10.0001 

10.1 

J  3.0 

MAdc 

(AL  Device) 

3-Sttte  Output  Leakage  Current 

■tl 

15 

11.0 

10.0001 

•  1.0 

t7JS 

j*Adc 

(CL/CP  Device) 

*T!ow"  -S5*C  for  AL  Device.  -40*C  tor  CL/CP  Dovtco.  fTo  coicutalo  total  supply  current  at  loads  other  than  SO  pF: 

Trtigh  "  + 1 2S*C  for  AL  Oovtco.  ■+■  85*C  for  CL/CP  Oovico. 

lT(CL>  -  "T<50pF)  +  (CL  -50>Vfk 

#Oata  labelled  "Typ"  fa  not  to  be  used  for  design  purposes  but  is 
intended  aa  an  Indication  of  tho  IC's  potontlal  performance.  whore:  If  in  in  |iA  (por  package),  Cl  In  pF.  V  -  <Vqq- Vgg)  In  volts. 

t  in  kHz  is  input  frequency,  and  k  -  0.006. 

"The  formulas  glvon  are  for  tho  typical  characteristics  only  at  25*C. 

'"Care  must  be  taken  not  to  exceed  maximum  current  ratings  (see  maximum  ratings  table) 
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SWITCHING  CHARACTERISTICS*    (CL  -  60  pF,TA  -  25'C) 


V0D 

AIIT 

yp« 

Character  Ittie 

Symbol 

vec 

Typ# 

Max 

Unit 

Output  Rita  Tim* 

«TLH 

nt 

«TLH  -  (O.S-m/pFI  Cl  +  20  m 

6.0 

45 

90 

*TLH  -  (0.3  nt/pF)  Cl  +8.0  m 

10 

23 

46 

TLH  -.(0.2  ni/pFI  Cl  +  8.0  tu 

IS 

18 

36 

Output  Foil  Time 

'THL 

ni 

«THL-  (0.6nt/pF)CL  +  20nt 

6.0 

45 

90 

«THL  •  (0.3  nt/pFI  Cl  +  8.0  nt 

10 

23 

46 

«THL  -  (0.2  nt/pF|  Cl  +  8.0  nt 

IS 

18 

36 

Turn-on  Delay  Time,  all  Output* 

«PLH 

nt 

6.0 

7S 

160 

tpLH  "  (0.16  nt/pF)  Cl  ♦  27  ni 

10 

35 

70 

tpLH  "  W.1  nt/pFI  Cl  +  20  nt 

16 

25 

50 

Turn-On  Delay  Time,  all  Outputs 

tPHL 

nt 

tpHL  °  (0.3  ni/pF)  Cl  ♦  60  nt 

6.0 

76 

160 

tpHL  "  (0-16  nt/pF)  Cl  +  27  nt 

10 

35 

70 
50 

tpHL  *  <0-1  nt/pF)  Cl  +  20  nt 

15 

25 

3*Stete  Propagation  Delay  Time 

<PHZ 

6.0 

75 

ISO 

nt 

Output  "1"  to  High  Impedance 

10 
IS 

40 
35 

80 
70 

Output  "0"  to  High  Impedance 

tPLZ 

6.0 
10 
IS 

80 
40 
3B 

160 
80 
70 

nt 

High  Impedance  to  "1"  Level 

<P2H 

6.0 
10 
IS 

66 
25. 
20 

130 
60 
40 

nt 

High  Impedance  to  "0"  Laval 

<PZL 

6.0 
10 
IS 

100 
36 
26 

200 
70 
60 

nt 

*Tfia  formulas  givon  ara  for  too  typical  characteristics  only  at  25 *C. 
#0ata  labelled  "Typ"  is  not  to  bo  used  lor  design  purposos  but  if 
Intended  as  an  Indication  of  tfio  IC's  potential  porfcrmsnca. 


PIN  ASSIGNMENT 


1  d 

Oil  A 

vDO 

=3  16 

2  C= 

In  1 

□  It  B 

=315 

3  C= 

Out  1 

In  6 

=3  14 

In  2 

Out  6 

=313 

5  d 

Out  2 

In  5 

=3>2 

6  C= 

In  3 

Out  6 

=311 

7  C= 

Out  3 

In  4 

=310 

8  1= 

vss 

Out  4 

=39 
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FIGURE  2—3  STATE  AC  TEST  CIRCUITS  AND  WAVEFORMS 
0PL2>  <PHZ-  'PZH.  *PZL) 


Oisabla  Input 


Output  (or  tp2H  *PZL  Circuit 


Output  for  tpHZ,  *PLZ  Circuit, 


'80X 

«PL2  — 

«PHZ  — 

_/io% 


•  Vss 


«PZL' 

\ —  »  Vol  +  00B  v 

—  tpzH 


\90*  /  "  vOH 

^  ^JL  vOL 
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MC14504B 


HEX  LEVEL  SHIFTER  FOR 
TTL  to  CMOS  or  CMOS  to  CMOS 

The  MC14504B  is  a  hex  non-inverting  level  shifter  using  CMOS 
technology.  The  level  shifter  will  shift  a  TTL  signal  to  CMOS  logic 
levels  for  any  CMOS  supply  voltage  between  5  and  IS  volts.  A  con- 
trol input  also  allows  interface  from  CMOS  to  CMOS  at  one  logic 
level  to  another  logic  level-.  Either  up  or  down  level  translating  is 
accomplished  by  selection  of  power  supply  levels  Vqq  and  VcC- 
The  VcC  level  sets  the  input  signal  levels  while  Vqd  selects  the 
output  voltage  levels. 

•  UP  Translates  from  a  Low  to  a  High  Voltage  or 
DOWN  Translates  from  a  High  to  a  Low  Voltage 

•  Input  Threshold  Can  Be  Shifted  for  TTL  Compatibility 

•  No  Sequencing  Required  on  Power  Supplies  or  Inputs  for 
Power  Up  or  Power  Oown 

•  3  to  18  Vdc  Operation  for  Vqd  and  VCC 

•  Diode  Protected  Inputs  to  Vss 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or 
One  Low-Power  Schottky  TTL  Load  Over  the  Rated 
Temperature  Range 


LOOIC  DIAGRAM 


VCC 


VDD 


Input  O- 


ModaO- 


>  Output 


TTL  /CMOS 
Mode  Select 


Modo  Select 

Input  Logic 
Levole 

Output  Logic 
Level  ■ 

1  (VCc) 

TTL 

CMOS 

0  (VSS) 

CMOS 

CMOS 

1/6  of  package  shown. 


CMOS  SSI 

(LOW-POWER  COMPLEMENTARY  MOS) 

TTL  or  CMOS  to  CMOS 
HEX  LEVEL  SHIFTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING,  INFORMATION 

ASorlOS:  -SS'Cto  +12S-C 
MC14XXXBAL  (Coremlc  Packago  Only) 

C  Sortos:  -40-C  to  +  B5*C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Coramlc  Package) 


PIN  ASSIGNMENT 


VCC 

Aout 

A|„ 

Bout 

Bin 

cout 

C|„ 

Ves 


Mod* 

Eout 


J  16 
313 
314 
313 
312 
311 
310 
38 


This  device  contains  circuitry  to  protect  the  inputs 
against  damage  due  to  high  static  voltages  or  elec- 
tric lieids  referenced  to  the  Vqs  P|n.  only.  E,l,a 
precautions  must  be  taken  to  avoid  applications  ol 
any  voltage  higher  than  the  maximum  rated  voltages 
to  this  high-impedance  circuit.  For  proper  operation, 
the  ranges  Vss  *  vin  *  18  V  and  Vsg  *  Vout  « 
Vdd  are  recommended. 

Unused  inputs  must  always  be  tied  to  an  appropri- 
ate  logic  voltage  level  (e.g..  either  Vss  or  vDDl-  Un- 
used  outputs  must  bo  left  open. 
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MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


8ymbol 

Parameter 

Value 

Unit 

VCc 

DC  Supply  Voltage 

-0.5  to  +18.0 

V 

Vqq 

DC  Supply  Voltage 

-0.5  to  +  18.0 

V 

V|n 

Input  Vollago  (DC  or  Transient) 

-0.5  to  +18.0 

V 

Voul 

Output  Voltage  (DC  or  Transient) 

-0.5  to  VDD  +  0.5 

V 

•to-  'out 

Input  or  Output  Current  (DC  or  Transient), 
per  Pin 

HO 

mA 

PD 

Power  Dissipation,  per  Package" 

500 

mW 

Tstfl 

Storage  Temperature 

-65  to  +150 

•c 

TL 

Lead  Temperature  (3-Second  Soldering) 

280 

•c 

'Maximum  ratings  are  thoso  values  boyond  which  damage  to  the  device  may  occur. 
"Power  dissipation  temperature  derating:  Plastic  "P"  package:  - 12  mW/'C  from  65'C  to  85'C. 

Ceramic  "L"  package:  -  12  mW/C*  from  100*C 
to  125'C. 


ELECTRICAL  CHARACTERISTICS  (voitagoa  Hofsroncodto  vss) 


Vcc 

VDD 

Tlow* 

25°C 

Thigh" 

Characteristic 

Symbol 

Vdc 

Vdc 

Mtn 

M"* 

Min 

Tvn 

Max 

Max 

Unit 

Output  Voltage             "0"  Level 

vol 

5.0 

0X15 

0 

035 

- 

0.05 

Vdc 

Vin-0  V 

_ 

10 

— 

0X15 

0 

035 

0.05 

_ 

15 

0.05 

 I  

0 

0.05 

0.05 

Vin  ■  Vrr                 "1"  Level 

*OH 

5.0 

435 

— 

435 

5X1 

435 

— 

Vdc 

10 

9.95 

935 

10 

- 

9.95 

_ 

15 

14.95 

14.95 

15 

14.95 

Input  Voltage                "0"  Level 

Vn 
VIL 

— - — 

— -  

Vdc 

IVql  "  IX)  Vdc)  TTL-CMOS 

5 

10 

03 

1.3 

0.8 

03 

(Vql  "  '-5  Vdc)  TTL-CMOS 

S 

15 

03 

1.3 

0.8 

03 

(vql  * 10  vdc)  cmos-cmos 

5 

10 

_ 

1.5 

_ 

2.25 

13 

_ 

1.4 

(v0L *  is  vdc)  cmos-cmos 

5 

15 

1.5 

_ 

2.25 

1.5 

_ 

1.6 

(Vql  "  1-5  Vdc)  CMOS-CMOS 

10 

15 

_ 

3.0 

4.5 

3.0 

23 

Input  Voltage                "1"  Level 

V|H 

Vdc 

<VOH  -  9.0  Vdc)  TTL-CMOS 

5 

10 

2.0 

_ 

2  0 

1.6 

_ 

2  0 

_ 

(VOH  "  13.5  Vdcl  TTL-CMOS 

5 

15 

2.0 

_ 

2.0 

\S 

_ 

23 

(Voh  "  8.0  Vdcl  CMOS-CMOS 

S 

10 

3.6 

_ 

3S 

2.75 

_ 

3.5 

_ 

'vOH  -  13.5  Vdcl  CMOS-CMOS 

5 

15 

33 

- 

3.5 

2.75 

- 

33 

- 

(VoH  *  13-5  Vdc)  CMOS-CMOS 

10 

15 

7.1 

- 

7.0 

5.5 

- 

7.0 

- 

Output  Drive  Current  (AL  Device) 

'oh 

mAdc 

<vOH  ■  23  Vdc)  Source 

— 

5.0 

-3.0 

- 

-2.4 

-4.2 

- 

-1.7 

- 

(Vqh  "  43  Vdcl 

- 

5.0 

-0j64 

- 

-0.51 

-0.88 

- 

-0.36 

- 

ivqh   vJo  vac  J 

10 

-1* 

- 

-1.3 

-2.25 

- 

-03 

- 

ivoh    1  J-o  vdcl 

15 

-42 

-3.4 

-83 

-2.4 

(Vqi_  -  0.4  Vdcl  Sink 

'OL 

53 

0.64 

051 

0.88 

0.36 

mAdc 

(Vql  "  °*  vac' 

10 

1.6 

1.3 

2.25 

03 

IV0L  ■  1.6  Vdc) 

16 

42 

3.4 

83 

2.4 

Output  Drive*Current  (CL/CP  Device) 

■oh 

mAdc 

IVoh  "  2.5  Vdcl  Source 

5.0 

-23 

-2.1 

-42 

-1.7 

IV0H  -  43  Vdcl 

5.0 

-0.52 

-0.44 

-038 

-036 

(V0H-9SVdcl 

10 

-1.3 

-1.1 

-2.25 

-03 

(Voh  ■  133  Vdc) 

15 

-3.6 

-3.0 

-83 

-2.4 

(Vql -0.4  Vdc)  Sink 

'QL 

5X1 

052 

0.44 

038 

0.36 

mAdc 

(Vol  -  os  vdcl 

•  10 

1.3 

1.1 

2.25 

03 

IVOL-  15  Vdc) 

15 

3.6 

3X1 

83 

2.4 

Input  Current  (AL) 

'in 

IS 

tO.1 

10.00001 

tO.I 

U.0 

liAdc 

Input  Current  (CL/CP) 

•in 

15 

tO  J 

1030001 

103 

113 

uAdc 

Input  Capacitance  (Vj„  -  0) 

Cin 

5j0 

73 

pF 

Quiescent  Current  (AL  Device) 

'DO  « 

5  J) 

0X15 

03OOS 

035 

13 

uAdc 

(Per  Packagel 

ICC 

10 

0.10 

00010 

0.10 

33 

CMOS-CMOS  Mode 

IS 

0.20 

0X1015 

0.20 

63 

Quiescent  Current  (CL/CP  Device) 

'DDO* 

SjO 

03 

0X406 

03 

33 

pAdc 

(Per  Package) 

'CC 

10 

1X1 

03010 

13 

73 

CMOS-CMOS  Mode 

IS 

2.0 

0X415 

2.0 

153 

Quiescent  Current  (AUCL/CP  Device) 

'DO 

5.0 

6.0 

OS 

03006 

03 

33 

iiAdc 

(Per  Package) 

5.0 

10 

1X1 

03010 

1.0 

7.5 

TTL-CMOS  Mode 

63 

16 

20 

0.0015 

2.0 

15.0 

Quiescent  Current  (AL/CL/CP  Device) 

'cc 

5X1 

6X1 

SO 

23 

6.0 

63 

mAdc 

(Pe/  Package) 

53 

10 

5X1 

23 

S3 

63 

TTL-CMOS  Mode 

5X1 

15 

5.0 

2.5 

5.0 

63 

T.LOW  =  —  55°C  for  AL  Device,  —40°C  for  CL/CP  Device  #Data  labetlod  "Typ"  la  not  to  bo  used  lor  design  purposes  but  Is 

THIGH  ~  +  125°C  for  AL  Device,  +  85°C  for  CL/CP  Device  frttondod  oa  an  irxJicatlon of  tho  iC'a  potential  pertormanco. 
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SWITCHING  CHARACTERISTICS  ICL  -  SO  pF.  TA  •  2S°C) 


vcc 

Vdd 

Limits 

oyni  dqi 

on  I  Flinty  niogf 

Vdc 

Vdc 

Mln 

Typ# 

Max 

Unlti 

Propagation  Delay,  High  to  Low 

«PHL 

TTL-CMOS 

SjO 

10 

— 

140 

280 

m 

Vdd  >  Vcc 

so 

16 

- 

140 

260 

CMOS -CMOS 

SjO 

10 

- 

120 

240 

V0D  >  VCC 

5.0 

15 

- 

120 

240 

10 

15 

- 

70 

140 

CMOS-CMOS 

10 

SjO 

- 

1SS 

370 

vcc  > vqo 

15 

5.0 

— 

1flS 

370 

15 

10 

175 

350 

Propagation  Delay,  Low  to  High 

 ■  

*PLH 

TTL-CMOS 

5.0 

10 

170 

340 

ns 

vDn>vr.r 

5.0 

IS 

160 

320 

CMOS -CMOS 

50 

10 

170 

340 

vdd  >  vCc 

5.0 

15 

170 

340 

10 

15 

100 

200 

CMOS-CMOS 

10 

SjO 

275 

550 

vcc  >  vdd 

15 

5.0 

27S 

550 

15 

10 

145 

290 

Output  Rim  and  Fall  Time 

«TLH,  tTHL 

ALL 

5j0 

100 

200 

rts 

10 

50 

100 

15 

40 

80 

#Dala  (sbollod  "Typ"  Is  not  to  bo  usod  for  design  purposes  but  Is 
Imondod  as  on  Indication  of  the  IC'a  potorttlal  performance. 


FIGURE  1  -  INPUT  SWITCHPOINT-CMOS  to  CMOS  MODE 


FIGURE  2  -  INPUT  SWITCHPOINT  TTL  to  CMOS  MODE 


S  10  IS  20 

V00.  SUPPLY  VOLTAGE  (Vdc) 


5  2- 


e  io  is 

VOD.  SUPPLY  VOLTAGE  (Vdc) 
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DUAL  2-WIDE.  2-INPUT  EXPANDABLE 
AND-OR-INVERT  GATE 

The  MC14506U8  is  an  expandable  AND-OR-INVERT  gate 
with  inhibit  and  3-state  output.  The  expand  option  allows 
cascading  with  any  other  gate,  which  may  be  carried  as  far  as 
desired  as  long  as  the  propagation  delay  added  with  each  gate  is 
considered.  For  example,  the  second  AOI  gate  in  this  device  may 
be  used  to  expand  the  first  gate,  giving  an  expanded  4-wide, 
2-input  AOI  gate.  This  device  is  useful  in  data  control  and  digital 
multiplexing  applications. 

•  3-State  Output 

•  Separate  Inhibit  Line 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  1  8  Vdc 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Voltages  Referenced  lo  vss) 


Symbol 

Parameter 

Value 

Unit 

vdd 

DC  Supply  VoMage 

-0  5  to  -  18.0 

V 

Vin-  Vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  VDD  -0.5 

V 

'in-  'out 

Input  or  Output  Currenl  (DC  or  Transient),  per  Pin 

*  10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

Tslq 

Storage  Temperaiure 

-65  lo  -  150 

«c 

TL 

Load  Temperaiure  (8-Second  Soldering] 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  (he  device  may  occur 
tTemperaturo  Doraling:  Plastic  "P"  Package:     12mW/'C  from  65°C  lo  85°C 

Ceramic  -"L"  Package:  -  12mW'°C  Irom  100°C  lo  125"C 


LOGIC  DIAGRAM 


aa  I 

8A  1 

Ca  » 

DA  4 

E*  6C- 


It*  6C- 


D.,   14  C- 


16  ZB 


Output  Disable 

EB  130  

DB    12  o  1  \_ 

cB  "o — I  /~L-S\~~\a— 

BB  too  I  Nj-L^- 

*B     9  0  1  J 


V  dd  r,n  16 
Vss  -  Pin  B 


2  ■  lAfl  •  CD  •  E  •  II 


MC14506UB 


CMOS  SSI 

(LOW  POWER  COMPLEMENTARY  MOS) 


DUAL  EXPANDABLE 
AND-OR-INVERT  GATE 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  64B 


ORDERING  INFORMATION 

A  Series: -55*C  lo  +1Z5°C 
MC14XXXUBAL  (Ceramic  Package  Only) 

C  Series:  -  40°C  10  +  85eC 

MC14XXXUBCP  (Plaslic  Package) 
MC14XXXUBCL  {Ceramic  Package) 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  Vss  **  (vin  or 
Vout)  *  VDD. 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g..  either  Vss 
or  Vqq).  Unused  outputs  must  be  left  open. 


TRUTH  TABLE 


A 

B 

c 

D 

E 

INHIBIT 

DISABLE 

z 

0 

0 

0 

0 

1 

0 

0 

0 

X 

Q 

X 

1 

0 

0 

0 

X 

X 

Q 

1 

0 

0 

X 

0 

0 

X 

1 

0 

0 

X 

Q 

X 

0 

1 

0 

0 

1 

1 

X 

X 

X 

X 

0 

0 

X 

X 

1 

1 

X 

X 

0 

0 

X 

X 

X 

X 

0 

X 

0 

0 

X 

X 

X 

X 

X 

1 

0 

0 

X 

X 

X 

X 

X 

X 

1 

High 

1  moKlince 

X  -  Don't  Cars 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  lo  Vss) 


VDD 

Tlow" 

25'C 

Thl 

ph" 

Ch  q  ractorlstlc 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ  # 

Max 

Mln 

Max 

Unit 

\J\H\nH  VUHttyU 

"0"  Lovol 

vol 

5.0 

— 

0.05 

— 

0 

0.05 

0  05 

Vdc 

V|p  a  Vqq  or  0 

10 

— 

0.05 

— 

0 

0.05 

0  05 

15 

— 

0.05 

— 

0 

0.05 

0.05 

"1 "  Level 

voh 

5.0 

4.9S 

— 

4.95 

5.0 

— 

4.95 

— 

Vdc 

vjn  =  u  or  vqo 

10 

9.95 

— 

9.95 

10 

— 

9.95 

15 

14.95 

— 

14.95 

15 

— 

14.95 

Input  Voltage 

•0"  Level 

vil 

Vdc 

(Vo  -  4.5  or  0.5  Veto) 

5.0 

— 

1.0 

— 

2.25 

1.0 

— 

1.0 

(Vo  -  9.0  Of  1.0  Vdc) 

10 

— 

2.0 

— 

4.50 

2.0 

2.0 

(VQ        U.3  Ol  1.9  VQC) 

15 

— 

2.5 

— 

6.75 

2.S 

2.5 

"1"  Level 

Vih 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

4.0 

— 

4.0 

2.75 

— 

4.0 

— 

(Vo  =  1.0  or  9.0  Vdc) 

10 

8.0 

— 

6.0 

5.50 

— 

8.0 

(Vo  -  1.5  or  13.5  Vdc) 

15 

12.5 

— 

12.5 

8.25 

— 

12.5 

Output  Drive  Current  (AL  Device) 

lOH 

mAdc 

(Voh  -  2  5  Vdc) 

Source 

5.0 

-3.0 

— 

-2.4 

-4.2 

— 

-1.7 

— 

(V0H  =  4.6  Vdc) 

5.0 

-0.64 

— 

-0.51 

-0.68 

— 

-0.36 

(VOH  =  9.5  Vdc) 

to 

-1.6 

— 

-1.3 

-2.25 

— 

-0.9 

(Voh  =  13.5  vdc) 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

(Vol  =  0'4  vdc) 

Sink 

"OL 

5.0 

0.64 

— 

0.51 

0.8B 

— 

0.36 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.6 

1.3 

2.25 

0.9 

(vql  -  '-5  vdc) 

15 

4.2 



3.4 

8.8 

_ 

2.4 

— 

Output  Drive  Current  (CtXP  Device) 

'OH 

mAdc 

(Voh  =  2-5  Vdc) 

Source 

5.0 

-2.5 



-2.1 

-4.2 



-1.7 

— 

(Voh  =  4.6  vdc) 

5.0 

-0.52 

_ 

-0.44 

-0.88 

— 

-0.36 

— 

(Voh  =  9.5  Vdc) 

10 

-1.3 

— 

-1.1 

-2.25 

— 

—  0.9 

(Voh  -  13.5  vdc) 

15 

-3.6 

— 

-3.0 

-8.8 

— 

—  2.4 

(vol  -  0.4  vdc) 

Sink 

lOL 

5.0 

0.52 

_ 

0.44 

0.88 

0.36 

— 

mAoc 

(Vol  =  0.5  vdc) 

10 

1.3 

— 

1.1 

2.25 

— 

0.9 

(vol  =  i  s  vdc) 

15 

3.6 

- 

3.0 

8.8 

— 

2.4 

Input  Current  (AL  Device) 

■in 

15 



±0.1 

±0.00001 

±0.1 

— 

±1.0 

tiMc 

Input  Current  (Cl/CP  Device) 

'in 

15 

±0.3 

±0.00001 

±0.3 

— 

±1.0 

/iAdc 

Input  Capacitance 

Mn 

— 

— 

5.0 

7.5 

pf 

Mn  =  0) 

Quiescent  Current  (AL  Device) 

>DD 

5.0 

— 

1.0 

0.002 

1.0 

— 

30 

MAdc 

(Per  Package) 

10 

— 

2.0 

0.004 

2.0 

60 

15 

4.0 

0.006 

4.0 

120 

Quiescent  Current  (CL/CP  Device) 

Idd 

4.0 

0.002 

4.0 

30 

(lAOC 

(Per  Package) 

10 

8.0 

0.004 

8.0 

60 

15 

16 

0.006 

16 

120 

Total  Supply  Currenft 

it 

5.0 

IT  =  (0.6  (lA/kHz)  t 

^  idd 

pAdc 

(Dynamic  plus  Quiescent, 

10 

tr  =  (1.1  /iaahz)  f  +  idd 

Per  Package) 

15 

IT  =  (1.7jiA/kHz)l  +  |DD 

(Cl  =  50  pF  on  all  outputs, 

all  buffers  switching) 

Three-State  Leakage  Current 

ITL 

15 

±0.1 

±0.00001 

±0.1 

±3.0 

jiAdc 

(AL  Device) 

Three-State  Leakage  Current 

•tl 

15 

±1.0 

±0.00001 

±1.0 

±7.5 

liMc 

(CUCP  Device) 

Tlow  -  "  55'C  for  AL  Dovlco,  -  40*C  for  CL/CP  Dovlco. 


Th!gh  "  +  <  25'c  <»'  AL  Dovlco,  +  SS*C  tor  CUCP  Dovlco. 

PIN  ASSIGNMENT 

#Dato  labollod  "Typ"  Is  not  to  bo  usod  for  design  purposos  but  Is 
Inlendod  as  an  Indication  of  tho  IC's  potential  performance. 

1 

2 

AA 

VOD 

zA 

— 1 16 
=115 

"Tho  formulas  glvon  aro  for  tho  typical  characteristics  only  ot  25*C. 

3 

cA 

Disable 

=314 

TTo  calculato  total  supply  curront  at  loads  other  than  SO  pF: 

4 

°A 

EB 

=113 

It<C|_>  -  'T<s0  PF)  +  <Cl  -50> V1k 

S 

EA 

°B 

=312 

whoro:  >x  Is  In  (.A  (por  packago).  C(.  In  pF,  V  -  <Vqq  -  Vgg)  in  volts, 
f  in  kHz  Is  input  froquoncy.  and  k  «  0.002. 

6 
7 

Inn 

Zb 

<=B 
8B 

=310 

8 

vSs 

*B 

=39 
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SWITCHING  CHARACTERISTICS*  |Cl  "  50  pF,  TA  "  2S°C) 


Characteristic 

Symbol 

Voo 

Mln 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Timo 

tn  u.  trwi 

ns 

TLH.  THL  =  0-5  ns/pF)  Cl  +  25  ns 

5.0 



100 

200 

tTLH>  THL  =  (0.75  ns/pF)  Cl  +  12.5  ns 

10 

— 

50 

100 

ITLH.  *THL  =  (0.55  ns/pF)  Cl  +  9.5  ns 

15 

— 

40 

60 

Data  Propagation  Delay  Time 

tpLH 

ns 

tpLH  -*  0-7  ns/pF)  Cl  +  210  ns 

5.0 



295 

580 

tpm  =  (0.66  ns/pF)  Cl  +  77  ns 

10 

— 

110 

225 

tPLH  =  (0.5  ns/pF)  Cl  +  50  ns 

15 

— 

75 

180 

tPHL  =  0-7  ns/pF)  Cl  +  1S5  ns 

"PHL 

5.0 



270 

480 

ns 

IPHL  "  (0.66  ns/pF)  Cl  +  62  ns 

10 

— 

95 

175 

tpHL  =  (04  ns/pF)  Cl  +  40  ns 

15 

— 

65 

140 

Expand  Propagation  Delay  Timo 

tPLH 

ns 

tpLH  =  (1.7  ns/pF)  Cl  +  95  ns 

5.0 



180 

430 

tpLH  =  (0.66  ns/pF)  Cl  +  42  ns 

10 

— 

75 

160 

tpLH  =  (0.5  ns/pF)  Cl  +  25  ns 

15 

— 

50 

125 

tpHL  =  (1-7  ns/pF)  Cl  +  115  ns 

•PHL 

5.0 



200 

330 

ns 

tpHL  =  (066  ns/pF)  Cl  +  47  ns 

10 

— 

80 

110 

tpHL  =  (0.5  ns/pF)  Cl  +  30  ns 

15 

— 

55 

90 

Inhibit  Propagation  Delay  Time 

tpLH 

ns 

tPLH  ■  (1.7  ns/pF)  Cl  +  135  ns 

5.0 



220 

500 

<PLH  =  (0.66  ns/pF)  Cl  +  67  ns 

10 

— 

100 

225 

'PLH  =  (06  ns/pF)  Cl  +  40  ns 

15 

— 

65 

160 

"PHL  =  0-7  ns/pF)  Cl  +  145  ns 

tPHL 

5.0 



230 

400 

ns 

'PHI  =  (0.66  ns/pF)  Cl  +  62  ns 

10 

— 

95 

175 

<PHL  "  (0-5  ns/|pF)  Cl  +  35  ns 

15 

— 

60 

150 

3-State  Propagation  Delay  Time 

"1 "  to  High  Impedance 

IPHZ 

5.0 

— 

60 

150 

ns 

10 

— 

45 

110 

15 

— 

35 

90 

"0"  to  High  Impedance 

tpLZ 

5.0 

90 

225 

ns 

10 

55 

140 

15 

40 

100 

Kigh  Impedance  to  "1" 

tPZH 

5.0 

110 

300 

ns 

10 

50 

125 

15 

40 

100 

High  Impedance  to  "0" 

tpzL 

5.0 

170 

425 

ns 

10 

70 

175 

15 

SO 

125 

The  formulas  glvon  ato  tot  tho  typical  characteristics  only  at  Z5*C. 


#Deta  labollod  "Typ"  Is  not  to  bo  usod  (or  doslgn  purposes  but  Is 
Intertdod  as  an  Indication  oi  tho  IC's  potential  porformanco. 


FIGURE  1  -  TYPICAL  VOLTAGE  TRANSFER  CHARACTERISTICS 


U)  EXPAND  INPUTS 


5.0  Vdc 

if  ^ 


T 


VrjB-  15  Vdc 


"  Unund  inputs  ~ 
connrctid'o 

-»ss 


a  TA--MWC 
-b  Ta-»25°C  — 
c  TA--5S°C 

_l  I  L 


4.0  S.Q  E0  10  12 
Vin.  INPUT  VOLTAGE  IVdd 


(bl  OATA  INPUTS 


VOO -IS  Vdc 


5.0Vdc"  "  "~ 

M 


t  TA-»m°c 

-b  Ta-*J5«C  - 
c  Ta--55«C 


.  AtndB  conntctld  to  Vin 
Ensbtt  input  coRnfettd  to 
Voo-  Other  inpuuconiwc- 
'rjdtoVss. 


D     il    (t    (0    tl     II     I     II  li 
Vin,  INPUT  VOLTAGE  (Vdc) 
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FIGURE  2  -  TYPICAL  OUTPUT  SOURCE  FIGURE  3  -  TYPICAL  OUTPUT  SINK 

CHARACTERISTICS  TEST  CIRCUIT  CHARACTERISTICS  TEST  CIRCUIT 


FIGURE  4  -  3-STATE  LEAKAGE  CURRENT 

TEST  CIRCUIT  FIGURE  6  —  TYPICAL  POWER  DISSIPATION  TEST  CIRCUIT 


0.01  llF 
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FIGURE  6  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 
(Oats  Input*) 


PulM 
Generator 


FIGURE  7  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 
(For  3-Stata  Output) 


Voh 

-  2.5  V  @  Vdo  -  5  V, 
10  V  and  15  V 
2  V  @  VDD  -   5  V 
6V@VDD  -  10  V 
10V@VD0  =  15V 

vol 


"To  cast  othar  tlda  of  circuit  connact  to  this  output  and 
chanaa  awrltcti  (SI)  to  othar  ajtpand  Input  (E). 


SWITCH  POSITIONS 


TEST 

SI 

S2 

tPLZ 

A 

A 

<PHZ 

8 

B 

«P2L 

A 

A 

<PZH 

B 

B 
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DUAL  4-BIT  LATCH 

The  MC14508B  dual  4-bit  latch  is  constructed  with  MOS  P-chan- 
nel  and  N-channel  enhancement  mode  devices  in  a  single  mono- 
lithic structure.  The  part  consists  of  two  identical,  independent  4-bit 
latches  with  separate  Strobe  (ST)  and  Master  Reset  (MR)  controls. 
Separate  Disable  inputs  force  the  outputs  to  a  high  impedance  state 
and  allow  the  devices  to  be  used  in  time  sharing  bus  line  applications. 

These  complementary  MOS  latches  find  primary  use  in  buffer 
storage,  holding  register,  or  general  digital  logic  functions  where  low 
power  dissipation  and/or  high  noise  immunity  is  desired. 

•  3-State  Output 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schotlky  TTL  Load  over  the  Rated  Temperature  Range. 


CMOS  MSI 


(LOW-POWER  COMPLEMENTARY  MOSI 


DUAL  4-BIT  LATCH 


MAXIMUM  RATINGS'  (Voltages  Roloronced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

Vdd 

DC  Supply  Voltage 

-0.5  10  ♦  18.0 

V 

V„v  V0u1 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  VDD  t0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

*  10 

mA 

PD 

Powor  Dissipation,  per  Packagot 

500 

mW 

TSI(J 

Storage  Temperature 

-  65  to  -  150 

■c 

TL 

Load  Tomperalure  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
tTemperalure  Derating:  Plasltc  "P"  Packago      12mW/°C  from  65*C  to  85"C 

Ceramic  "L"  Packago:  -  12mVWC  from  100'C  lo  125°C 
TRUTH  TABLE 


MR 

ST 

Disable 

D3 

D2 

D1 

00 

03 

Q2 

Ol 

OO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

i 

0 

0 

0 

0 

1 

0 

0 

0 

i 

0 

0 

0 

0 

i 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

X 

X 

X 

X 

Latched 

1 

X 

0 

X 

X 

X 

X 

0    |    0    |    0     |  0 

X 

X 

l 

X 

X 

X 

X 

High  Impedance 

L  SUFFIX 

CERAMIC  PACKAGE 
CASE  623 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  709 


ORDERING  INFORMATION 

A  Setios:  -  55*C  lo  +  1 25"C 

MC14XXXBAL  (Ceramic  Packago  Only) 

CSoiloa:  -40*C  lo  *  B5"C 

MC14XXXBCP  (Plastic  Packago) 
MC14XXXBCL  (Coramlc  Packago) 


X  -  Don't  Care 


CIRCUIT  DIAGRAM 


■H>r€> 


'M>H> 


(To  Other  three  lilchu) 


J 


5 
5 


BLOCK  DIAGRAM 


1 

2  - 

3  ■ 
*  - 
6  ■ 

a  . 

10  - 


MR  Q0 
ST 

Dii  Qi 
DO 

O.  02 
OJ 

D3 

15- 

16  - 

u  - 


MR 

OO 

ST 

Di«  QI 

DO 

Dl 

D2 

Q3 

D3 

-31 
13 


«DD-PlnM 
Vss-Pln  12 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


Vdd 
Vdc 

Tlow* 

25*C 

Thl 

ah- 

Characteristic 

Symbol 

Mln 

Mai 

Mln 

Typ  # 

Max 

Mln 

Max 

Unit 

Output  Voltage 
Vln  =  Vqd  or  0 

"0"  Level 

VOL 

5.0 
10 
15 

005 
0.05 
0.05 

0 
0 
0 

0.05 
0.05 
0.05 

0.05 
0.05 
0.05 

Vdc 

V|n  =  0  or  Vdd 

"1"  Level 

voh 

5.0 
10 
15 

4.95 
9.95 
14.95 

4.95 
9.95 
14.95 

5.0 
10 
15 

4.95 
9.95 
14.95 

Vdc 

Input  Voltage 
(Vo  =  4.5  or  0.5  Vdc) 
(Vo  -  9.0  or  1.0  Vdc) 
(Vo  »  13.5  or  1.5  Vdc) 

"0"  Level 

V|L 

5.0 
10 
15 

- 

1.5 
3.0 
4.0 

- 

2.25 
4.50 
6.75 

1.5 
3.0 
4.0 

1.5 
3.0 
4.0 

Vdc 

(Vo  -  0.5  or  4.5  Vdc) 
(Vo  -  1.0  or  9.0  Vdc) 
(Vo  -  1.5  or  13.5  Vdc) 

"1"  Level 

VlH 

5.0 
10 
15 

3.5 
7.0 
11.0 

- 

3.5 
7.0 
11.0 

2.75 
5.50 
8.25 

- 

3.5 
7.0 
11.0 

- 

Vdc 

Oulput  Drive  Current  (AL  Device) 
(Voh  =  2-5  Vdc) 
(Voh  -  4.6  Vdc) 
(Voh  =  9.5  Vdc) 

(Voh  - 13  5  vdc) 

Source 

'OH 

5.0 
5.0 
10 
15 

-3.0 
-0.64 
-1.6 
-4.2 

- 

-2.4 
-0.51 
-1.3 
-3.4 

-4.2 
-0.88 
-2.25 
-8.8 

- 

-1.7 
-0.36 
-0.9 
-2.4 

- 

mAdc 

(vol  =  0-4  vdc) 
(Vol  =  o-s  vdc) 
(Vol  =  i  s  vdc) 

Sink 

lOL 

5.0 
10 
15 

0.64 
1.6 
4.2 

- 

0.51 
1.3 
3.4 

0.88 
2.25 
8.8 

- 

0.36 
0.9 
2.4 

- 
- 

mAdc 

Output  Drive  Current  (CL/CP  Device) 
(Voh  3  2  5  Vdc)  Source 

(Voh  -  4.6  vdc) 
(Voh  -  9.5  vdc) 
(Voh  -  13.5  vdc) 

'oh 

5.0 
5.0 
10 
15 

-2.5 
-0.52 
-1.3 
-3.6 



— 

-2.1 
-0.44 
-1.1 
-3.0 

-4.2 
-0.88 
-2.25 
-8.8 



— 

-1.7 
-0.36 
-0.9 
-2.4 

- 

— 

mAdc 

(Vol  -  0.4  vdc) 
(Vol  -  o.s  vdc) 
(Vql  -  1.5  vdc) 

Sink 

iol 

5.0 
10 
15 

0.52 
1.3 
3.6 

- 

0.44 
1.1 
3.0 

0.88 
2.25 
8.8 

— 

0.36 
0.9 
2.4 

mAdc 

Input  Current  (AL  Device) 

tin 

15 

±0.1 

±0.00001 

±0.1 

±1.0 

/*Adc 

Input  Current  (CL/CP  Device) 

■in 

15 

±0.3 

±0.00001 

±0.3 

±1.0 

fiAdc 

Input  Capacitance 
(Vln  -0) 

Qn 

5.0 

7.5 

pF 

Quiescent  Current  (AL  Device) 
(Per  Package) 

'DD 

5.0 
10 
15 

5.0 
10 
20 

0.005 
0.010 
0.015 

5.0 
10 
20 

150 
300 
600 

jiAdc 

Quiescent  Current  (CL/CP  Device) 
(Per  Package) 

IqD 

5.0 
10 
15 

20 
40 
80 

0.005 
0.010 
0.015 

20 
40 
80 

150 
300 
600 

pAdc 

Total  Supply  Current"! 
(Dynamic  plus  Quiescent. 
Per  Package) 

(C|_  -  SO  pF  on  all  outputs, 
ail  buffers  switching) 

it 

5.0 
10 
15 

IT  -  (1.46j<A/kHz)  |  +  Idd 

it  =  (2.91  ,iA/kHi)  t  +  idd 

IT  =  (4.37  »«A/kHz)  |  +  Iqq 

uAdc 

Three-State  Leakage  Current 
(AL  Device) 

"TL 

15 

±0.1 

±0.00001 

±0.1 

±3.0 

uAdc 

Three-State  Leakage  Current 
(CL/CP  Device) 

*TL 

15 

±1.0 

±0.00001 

±1.0 

±7.5 

«iAdc 

*T|ow  *  ~  S5*C  r°r  AL  Dovtco.  ~  40"C  for  CL/CP  Dovtco.  tTo  calculate  total  supply  currant  at  toads  otnor  than  50  pF: 

Thlg„  .  +125*C  lor  AL  Dovico.  +85*C  lor  CL/CP  Device. 

It(Cl>  -  MSO  pF)  +  (CL  -50)  Vtk 

#Oato  labollod  "Typ"  Is  not  to  bo  usod  for  doslgn  purposoo  but  is 
Intortdod  as  on  Indication  of  tho  ICS  potortttal  porlormanco.  whoro:  It  la  In  ixA  [por  package).  C|_  In  pF,  V  -  (Vqq- Vgg)  In  volts. 

f  in  kHz  Is  Input  frequency,  and  k  -  0.008. 

"Tho  formulae  glvon  or©  lor  tho  typical  characteristics  only  at  25*C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However. 

precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  vollages  to  this  high-impedance 

circuit.  For  proper  operation,  V|n  and  Vout  should  be  constrained  to  the  range  Vgs  *  (V|„  or  Vout)  <  Vdq. 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD>  Unused  outputs  must  be  left 

open. 
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SWITCHING  CHARACTERISTICS'  (Cl  -  50  pF,  TA  -  25-C) 


All  Types 

Characteristic 

Symbol 

Vod 

Mln 

Typ# 

Max 

Unit 

ftiitmvt  Ojfi^  orwl  Call  TtfnA 

LAJtpui  nlSS  ana  rail  1  lm6 

*TLH.  tTHL 

ns 

*TLH.  *THL  =  0-5  ns/pF)  Cl  +  25  ns 

5.0 

— 

100 

200 

^TLH' *THL  D  (0.75  ns/pF)  Cl  +  12.5  ns 

10 

50 

100 

*TLH.  tfHL  -  (0.55  ns/pF)  Cl  +  9.5  ns 

15 

40 

80 

Propagation  Delay  Time,  Dn  or  MR  to  0 

tpLH,  tpHL 

ns 

tpi  u,  tpui  =  (1.7  ns/DF)  Cl  +  135  ns 

5.0 

220 

440 

tpLH.  IPHL  -  (0-66  ns/pF)  Cl  +  57  ns 

10 

90 

180 

■PLH.  'PHL  =  (°-5  ns/pF)  Cl  +  35  ns 

15 

60 

120 

Master  Reset  Pulse  Width 

'WH(R) 

5.0 

200 

100 

ns 

10 

100 

50 

15 

70 

35 



Master  Reset  Removal  Time 

•  _ 

5.0 

30 

-15 

— 

ns 

10 

25 

0 

15 

20 

0 

Strobe  Pulse  Width 

'WH(S) 

5.0 

140 

70 

— 

ns 

10 

70 

35 

15 

40 

20 

Setup  Time 

su 

5.0 

50 

25 

— 

ns 

Data  to  Strobe 

10 

20 

10 

15 

10 

5.0 

HoM  Time 

th 

5.0 

SO 

20 

— 

ns 

Strobe  to  Data 

10 

10 

15 

35 

10 

3- State  Propagation  Delay  Time 

ns 

Output  "1"  to  High  Impedance 

'PHZ 

5.0 

55 

170 

10 

35 

100 

15 

30 

70 

Output  "0"  to  High  Impedance 

IPLZ 

5.0 

75 

170 

10 

40 

100 

15 

35 

70 

High  Impedance  to  "1"  Level 

>PZH 

5.0 

SO 

170 

10 

35 

100 

15 

30 

70 

High  Impedance  to  "0"  Level 

tPZL 

5.0 

105 

210 

10 

50 

100 

15 

35 

70 

*Tho  formulas  glvon  are  for  ihe  typical  characteristics  only  at  25*C. 

#Oata  labotlod  "Typ"  Is  not  to  bo  used  for  design  purposes  but  is 
intended  as  an  Indication  ol  the  IC's  potential  performance. 


PIN  ASSIGNMENT 

1 

v0o 

24 

2 

sta 

Q3B 

ZD 

23 

3 

OifA 

03B 

22 

4 

00A 

Q2B 

21 

5 

QOA 

Mb 

20 

6 

D'A 

Olfj 

=D 

19 

7 

Q'a 

D'B 

18 

8 

°2a 

Q0B 

=3 

17 

9 

<«A 

oo„ 

16 

10 

cz 

D3A 

OltQ 

15 

11 

Q3A 

ST  B 

14 

12 

1= 

vss 

MRB 

13 
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FIGURE  1  -  AC  WAVEFORMS 


FIGURE  2  -  3-STATE  AC  TEST  CIRCUIT  AND  WAVEFORMS 


PtllM 

G«n«rator 

r 


MR  oo 

ST 

Ora*bi«Q< 

oo 

01  « 
02 
03 


  fvOD 

4  ST1 


03 


lvSS 


1.0  k? 

::  > 


TEST 

ST1 

ST2 

ST3 

ST4 

>PHZ 

OPEN 

CLOSE 

CLOSE 

OPEN 

>PL2 

CLOSE 

OPEN 

OPEN 

CLOSE 

«PZL 

CLOSE 

OPEN 

OPEN 

CLOSE 

«PZH 

OPEN 

CLOSE 

CLOSE 

OPEN 

«PLZ  ■ 


'"'It  =U 

/ 90%  \ 


03  Output      tpHZ  -«- 


Jfio% 


f— «PZL 

'bo*-  v' 

»  2. 

— «P2M 

1    u_. 


VSS 
V0H 


BV»VOD  .  B  V, 
10  V,  and  15  V 

iv»vOD.  sv 

6  VO>UOD-  10  V 
IOV»Vot>'  ibv 
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3-STATE  MODE  OF  OPERATION 

The  MC14S08B  can  be  used  fn  bussed  systems  at  shown. 
The  output  termtnelt  of  N  4-bit  letches  can  ba  directly  wired  to  a 
bus  Una,  and.  to  one  of  tha  4-bit  latches  leltcted.  Tfw  wtected 
latch  controls  tha  logic  Rata  of  tha  but  Una.  and  tha  remaining 
(N-1)  4-bit  latches  am  disabled  Into  a  high  Impadanca  "off"  nata. 
Tha  number  of  latchaa,  N,  which  may  ba  connect «d  to  a  but  Una  li 
determined  from  tha  output  drive  currant,  Iod>  the  3-ftata  or 
disabled  output  laakaga  currant,  and  tha  toad  currant,  l|., 
required  to  drlva  tha  bus  Una  (Including  f  snout  to  other  device 
Inputs)  and  can  ba  calculated  by  tha  following: 

.'oo-'l 


Selected  et 
Driving  Device 


1/2 
MC14S06B 


N  ■ 


'TL 


1 


WC 140080 


N  must  ba  calculated  for  both  high  and  low  logic  states  of  the 
but  line. 


Strobe  >- 


-'TL 
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TYPICAL  3— STATE  APPLICATIONS 
EXAMPLE  1 


l~      \~  MCMOIBb"!  . 


4-Bit  Shift 
Register 


4-Blt  Shift 
Register 


Qued  Letch 
13-Stete) 


MC 

14S0BB 


E 


Quad  Latch 
(3-Statt) 


12 


4-Ltn*  Dm  But 


31 


EXAMPLE  2 


r 


3-Stata 
4-  Bit  Latch 


i  n 
i  i 
i  i 


3-Stete 
4-Blt  Letch 


MC  ' 
14MBB 


4-Line  Date  Bus 


11 


4-Llna  Data  But 

rr 


3-Stats 
4-Blt  Latch 


I  I 
I  I 
I  I 


U3£ 


3-State 
4-Blt  Latch 


FFFT— 1  L-FFR 
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MOTOROLA 


MAXIMUM  RATINGS*  (Voltages  Relerenced  to  VSs) 


'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  dovlce  may  occur. 
tTemperature  Derating:  Plastic  "P"  Package:  -  12mW/°C  trom  65'C  to  B5°C 

Ceramic  "L"  Package:  -12mW/°C  from  100'C  to  125'C 


TRUTH  TABLE 


BCD  UP/DOWN  COUNTER 

The  MC14510B  synchronous  up/down  BCD  counter  is  con- 
structed with  MOS  P-channel  and  N-channel  enhancement  mode 
devices  in  a  monolithic  structure.  The  counter  consists  of  type  D 
flip-flop  stages  with  a  gating  structure  to  provide  type  T  flip-llop 
capability. 

This  counter  can  be  preset  by  applying  the  desired  value  in 
BCD  to  the  Preset  inputs  (P1,  P2,  P3,  P4)  and  then  bringing  the 
Preset  Enable  (PE)  high.  The  direction  of  counting  is  controlled  by 
applying  a  high  (lor  up  counting)  or  a  low  (for  down  counting)  to 
the  UP/DOWN  input.  The  slate  ol  the  counter  changes  on  the 
positive  transition  of  the  clock  input.   

Cascading  can  be  accomplished  by  connecting  the  Carry  Out  to 
the  Carry  In  of  the  next  stage  while  clocking  each  counter  in  par- 
allel. The  ouputs  (Q1 ,  02.  03.  Q4)  can  be  reset  to  a  low  state  by 
applying  a  high  to  the  Reset  (R)  pin. 

This  CMOS  counter  linds  primary  use  in  up/down  and  difference 
counting.  Other  applications  include:  (1)  Frequency  synthesizer 
applications  where  low  power  dissipation  and/or  high  noise  immu- 
nity is  desired,  (2)  Analog-to-digital  and  digital-to-analog  conver- 
sions, and  (3)  Magnitude  and  sign  generation. 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Internally  Synchronous  for  High  Speed 

•  Logic  Edge-Clocked  Design  -  Count  Occurs  on  Positive  Going 
Edge  of  Clock 

•  Asynchronous  Preset  Enable  Operation 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low- 
power  Schottky  TTL  Load  Over  the  Rated  Temperature  Range. 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  to  +  18.0 

V 

V|n.  Vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vrjrj  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

r10 

mA 

Pro 

Power  Dissipation,  per  Packaget 

500 

mW 

fa, 

Storage  Temperature 

-  65  to  +1 50 

•c 

Tl 

Load  Temperature  (B-Second  Soldering) 

260 

•c 

Carry  In 

Up/Down 

Preset 
Enable 

Reset 

Clock 

Action 

1 

X 

0 

0 

X 

No  Count 

0 

1 

0 

0 

Count  Up 

0 

0 

0 

0 

Count  Down 

X 

X 

1 

0 

X 

Prosol 

X 

X 

X 

1 

X 

Reset 

■'■      Don't  Care 

Nolo:  When  counting  up.  the  Carry  Out  signal  is  normally  high,  and  is  low  only  when 
Ql  and  Q4  are  high  and  Carry  In  is  low.  When  counting  down.  Carry  Out  is  low 
only  whan  Ql  through  Q4  and  Carry  In  are  low. 


MC 1451  OB 


CMOS  MSI 

[LOW-POWER  COMPLEMENTARY  MOSI 

BCD  UP/DOWN  COUNTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  64B 


ORDERING  INFORMATION 

A  Series:  -55'CIO  +  125'C 

MC14XXXBAL  (Ceramic  Package  Only) 

CSorios.  -40'Cto  +85'C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Coramic  Package) 


BLOCK  DIAGRAM 


SO- 
SO- 
ID  o- 

15  o- 


1  3  i 
3C 


PE  Q1 

 Q6 

Carry  In 

R  0.2 

 on 

Up/Down 

Clock  03 

 o 

PI 

P2  04 

P3 

Vss  -  Pin  8 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  sialic 
voltages  or  electric  fields.  However,  precau- 
tions musl  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  v*ss  85  (vin  or 
V0ul)  *  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g..  either  V55 
or  VrjQj.  Unused  outputs  must  be  left  open. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


VDD 

Tlow* 

25*C 

Thl 

ah" 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Unit 

Output  Voltage 

"0"  Level 

vol 

5.0 

— 

0.05 

— 

0 

0.05 

— 

0.05 

Vdc 

•in      »QU  OI  w 

10 

0.05 

— 

0 

0.05 

005 

15 

— 

0.05 

0 

0.05 

0.05 

"1"  Level 

voh 

5.0 

4.95 

4  95 

5.0 



4.95 

— 

Vdc 

Vin  =  0  or  Vod 

10 

9.95 

— 

9.95 

10 

— 

9.95 

— 

15 

14.95 

— 

14.95 

15 

— 

14.95 

Input  Voltage 

"0"  Level 

V|L 

Vdc 

(Vo  =  4.5  or  0.5  Vdc) 

5.0 

1.5 

2.25 

1.5 

— 

1.5 

(Vo  "  9.0  or  1.0  Vdc) 

10 

_ 

3.0 



4.50 

3.0 

— 

3.0 

(Vo  «  13.5  or  1.5  Vdc) 

15 

— 

4.0 

— 

6.75 

4.0 

— 

4.0 

"V  Level 

VlH 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3.5 



3.5 

2.75 

- 

3.5 

— 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

— 

7.0 

5.50 

— 

7.0 

— 

(Vo  =  1.5  or  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 

— 

1 1.0 

Output  Drive  Current  (AL  Device) 

•oh 

mAdc 

(Voh  -  2-5  Vdc) 

Source 

5.0 

-3.0 

-2.4 

-4.2 

-1.7 

— 

(Voh  =  4.6  Vdc) 

5.0 

-0.64 

— 

-0.51 

-0.88 

-0.36 

— 

(Voh  =  9.5  Vdc) 

10 

-1.6 

— 

-1.3 

-2.25 

— 

-0.9 

(Voh  =  135  vdc) 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

(Vol  =  o.a  vdc) 

Sink 

tot 

5.0 

0.64 

— 

0.51 

0.88 

— 

0.36 

mAdc 

(Vol  =  o-s  vdc) 

10 

1.6 

— 

1.3 

2.25 

— 

0.9 

(Vol  - 1-5  vdc) 

15 

4  2 

3  4 

8  8 

2.4 

Output  Drive  Current  (CUCP  Device) 

!OH 

mAdc 

(Voh  =  2-5  Vdc) 

Source 

5.0 

—2  5 

—  2  1 

-4.2 

z 

-t.7 

- 

(Voh  =  4.6  Vdc) 

5.0 

-0.52 

z 

-0.44 

-0.88 

-0.36 

— 

(voh -9.5  vdc) 

10 

-1.3 



-1.1 

-2.25 



-0.9 

— 

(Voh  =  us  vdc) 

15 

-3.6 

_ 

-3.0 

-8.8 

_ 

-2.4 

(vol  =  0.4  vdc) 

Sink 

IOL 

5.0 

0.52 

_ 

0.44 

038 



0.36 

— 

mAdc 

(Vol  =  o.s  vdc) 

10 

1.3 



1.1 

2.25 



0.9 

(Vol  =  1.5  vdc) 

15 

3.6 

- 

3.0 

8.8 

— 

2.4 

Input  Current  (AL  Device) 

■in 

15 

_ 

•0.1 

£0.00001 

£0.1 

— 

•  10 

MAdc 

Input  Current  (CUCP  Device) 

■in 

15 

±0.3 

£0.00001 

£0.3 



±1.0 

pAdc 

Input  Capacitance 

p. 
Mn 

— 

— 

5.0 

7.5 

oF 

<Vin  =  0) 

Quiescent  Current  (AL  Device) 

IDD 

5.0 

5.0 

0.005 

5.0 

— 

150 

MAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CUCP  Device) 

IDD 

5.0 

20 

0.005 

20 

150 

MAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

SO 

600 

Total  Supply  Currenf't 

>T 

5.0 

IT  =  (0.5B  jiA/kHz)  1  +  Idd 

MAdc 

(Dynamic  plus  Quiescent. 

10 

H  =  (1.2  (iA/*H2)  f  +  lD0 

Per  Package) 

15 

lj  =  (1.7  (lA/kHz)  f  +  IQD 

(C|_  =  50  pF  on  all  outputs. 

all  buffers  switching) 

•T)ow  -  -  SS*C  for  AL  Dovlco,  -  40*C  for  CUCP  Dovtco. 
ThLgh-  +  12S*C  for  AL  Device.  +65*C  for  CL/CP  DovlCO. 

#Data  labollod  "Typ"  Is  not  to  bo  usod  for  dosign  purposes  but  Is 
Intended  as  on  Indication  of  ttio  EC's  potential  porforrnanco- 

"Tho  formulas  gtvon  ore  for  tho  typical  characteristics  only  at  Z5*C. 
fTo  calculate  total  supply  curront  at  loads  other  than  SO  pF: 

It(cL>  "  'T<S°PF>  +  (°L  -50»Vtk 

where:  if  Is  In  jiA  (por  packago),  C|_  In  pF,  V  -  (Vqq- Vgg)  In  volts 
f  In  kHz  Is  Input  froquoncy.  and  k  -  0.001. 


PtN  ASSIGNMENT 


1 

PE 

vDo 

=1  16 

2 

Q4 

C 

=3  15 

3 

P4 

as 

3  14 

4 

PI 

P3 

za  is 

S 

Carry  In 

P2 

=□  12 

6 

Q1 

Q2 

7 

cz 

Carry  Out 

U/O 

=1 10 

8 

vSs 

n 
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SWITCHING  CHARACTERISTICS*  (CL-60  pF.  TA=2S'C.  See  Figure  2) 


All  Type* 

I 

Characteristic 

8ymbo1 

VDD 

Mln 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Time 

- 

'TLH, 

ns 

tTLH*  *THLat^'^  ns'P,=)  Cj_  +  25  ns 

•thl 

5.0 

— 

100 

200 

10 

*n ' 

HQ0 

tjLH'  tTHL"t°-55  n^pF)  Cl+9-5  ns 

15 

Propagation  Delay  Time 

'PLH, 

ns 

Clock  to  Q 

<PHL 

lPLH»  tpHL  "  *1-7  ni^PF)  Cl  +  230  ns 

5.0 

— 

315 

630 

'PLH«  *PHL  ~  (0-66  ns/pF)  C|_  +  97  ns 

10 

— 

130 

260 

tp|_H>  *PHL  =  (0.5  ns/pF)  Cj_  +  75  ns 

15 

— 

100 

200 

Clock  to  Carry  Out 

'PLH, 

ns 

tpLH»  *PHL  "  t1-7  "S'pF)  CL  +  230  03 

'PHL 

5.0 

— 

315 

630 

*PLH«  tPHL  "          ns/pF)  C|_  +  07  ns 

10 

— 

130 

260 

lpLH»  *PHL  ™        "S'PF)  C|_  +  75  ns 

15 

— 

100 

200 

Carry  In  to  Carry  Out 

'PLH, 

ns 

*PLH«  *PHL  "  (^-7  "S'pF)  C[_  +  230  ns 

'PHL 

5.0 

— 

160 

360 

Idi  u  trsui  *■  (0  66  ns/oFl  Ci   4-  47  ns 

10 

— 

60 

160 

tpLH*  tpHL  B  (0.5  ns/pF)  C|_  +  35  ns 

15 

60 

120 

Preset  or  Reset  to  Q 

'PLH, 

IpLHt  IPHL  =  <1-7  ns/pF)  Cl  +  230  ns 

'PHL 

5.0 

315 

630 

IpLH.  'PHL  =  i0-66  ns/pF)  C|_  +  97  ns 

10 

130 

260 

tpi_H»  tpHL  "  (°-5  ns/pF)  C[_  +  75  ns 

15 

— 

100 

200 

Preset  or  Reset  to  Carry  Out 

'PLH, 

ns 

'PLH>  'PHL  "  I1-7  ns/pF)  C|.  +  465  ns 

'PHL 

5.0 



550 

1100 

'PLH«  'PHL  a  (°-66  ns/pF)  C(_  +  192  ns 

10 

— 

225 

450 

'PLH«  'PHL  "  fn-^  ns/pF)  C[_  +  125  ns 

15 

— 

150 

300 

Reset  Pulse  width 

'w(H) 

5.0 

360 

160 



ns 

10 

210 

105 

— 

15 

160 

60 

Clock  Pulse  Width 

<w(H) 

5.0 

350 

200 

- 

ns 

10 

170 

100 

— 

15 

140 

75 

Clock  Pulse  Frequency 

'd 

5.0 

_ 

3.0 

1.5 

MHz 

10 

— 

6.0 

3.0 

15 

— 

8.0 

4.0 

Presol  or  Reset  Removal  Time 

•rem 

5.0 

650 

325 

_ 

ns 

The  Preset  or  Reset  Signal  must  bo  low  prtor  to  a 

10 

230 

115 

— 

posttlvo-oolrtg  transition  of  the  clock. 

15 

160 

90 

— 

Clock  Rise  and  Fall  Time 

'tlh« 

5.0 





15 

»s 

<thl 

10 

— 

— 

5 

15 

— 

4 

Setup  Time 

'su 

5.0 

260 

130 

_ 

ns 

Carry  In  to  Clock 

10 

120 

60 

— 

15 

100 

50 

— 

Hold  Time 

'h 

5.0 

0 

-50 



ns 

Clock  to  Carry  In 

10 

10 

-15 

— 

15 

10 

-5 

— 

Setup  Time 

'su 

5.0 

500 

250 



ns 

Up/Down  to  Clock 

10 

200 

100 

— 

15 

175 

75 

— 

Hold  Time 

'h 

5.0 

-70 

-140 



ns 

Clock  to  Up/Down 

10 

-30 

-80 

15 

-20 

-50 

8o1up  Time 

•su 

5.0 

-50 

-100 

ns 

Pn  to  PE 

10 

-30 

-65 

15 

-25 

-55 

Hold  Time 

'h 

5.0 

480 

240 

ns 

PE  to  Pn 

10 

410 

205 

15 

410 

205 

Preset  Enable  Pulse  Width 

'WH 

5.0 

200 

100 

ns 

10 

100 

50 

15 

60 

40 

*Tho  formulas  given  arc  for  the  typical  characteristics  only  at  2S*C. 


#Data  labelled  "Typ"  Is  not  to  bo  usod  tor  dostgn  purposos  but  Is 
trttondod  as  an  indication  of  tho  tC's  potontlal  portormanco. 
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FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORM 


FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT  ANO  WAVEFORMS 


PffMSt  Enabl* 


Q I  or  Carry  Out 
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PIN  DESCRIPTIONS 


INPUTS 

PI,  P2,  P3,  P4,  Preset  Inputs  (Pins  4, 12, 13, 3)— 

Data  on  these  inputs  is  loaded  into  the  counter  when  PE 
is  taken  high- 
Carry  In,  (Pin  S)  —  Active-low  input  used  when  cas- 
cading stages.  Usually  connected  to  Carry  Out  of  the 
previous  stage.  While  high,  clock  is  inhibited. 

Clock,  (Pin  15)  —  BCD  data  is  incremented  or 
decremented,  depending  on  the  direction  of  count,  on 
the  positive  transition  of  this  signal. 

OUTPUTS 

Q1 ,  Q2,  Q3, 0.4,  BCD  outputs  (Pins  6, 1 1 , 1 4, 2)  — 

BCD  data  is  present  on  these  outputs  with  Q1  corre- 
sponding to  the  least  significant  bit. 

Carry  Out,  (Pin  7)  —  Used  when  cascading  stages, 
this  pin  is  usually  connected  to  Carry  In  of  the  next 
stage.  This  synchronous  output  is  active  low  and  may 
also  be  used  to  indicate  terminal  count. 


CONTROLS 

PE,  Preset  Enable  (Pin  1)  —  Asynchronously  loads 
data  on  the  Preset  Inputs.  This  pin  is  active  high  and  will 
inhibit  the  clock  when  high. 

R,  Reset,  (Pin  9)  —  Asynchronously  resets  the  Q 
outputs  to  a  low  state.  This  pin  is  active  high  and  will 
inhibit  the  clock  when  high. 

Up/Down,  (Pin  10)  —  Controls  the  direction  of 
count:  high  for  up  count,  low  for  down  count. 

SUPPLY  PINS 

VsSi  Negative  Supply  Voltage,  (Pin  8)  —  This 
pin  is  usually  connected  to  ground. 

VpD,  Positive  Supply  Voltage,  (Pin  16)  —  This 
pin  is  connected  to  a  positive  supply  voltage  ranging 
from  3.0  Vdc  to  18.0  Vdc. 


FIGURE  3  —  PRESETTABLE  CASCADED  8- BIT  UP/DOWN  COUNTER 
Ol         03        Q3  04 


Proatt 

En.bk) 
O  -  Count 


1  -'Up 


Ol 
PE 

Clock 
U/D 


04 
Com 


L.S.D. 
MC14S108 


PI 


'  ^1    ^**L'  *V^]_ 


.v00 

ThumbwnMl  Swltchm 
<Op*n  lor  "O") 


Op«n  -  Count 


t-VW— ^ 


Q5 

OS  Q7 

1  1 

OS 

01 

02  03 

04 

PE 

Cin 

cout 

Clock 

M.S.D. 

MC14S10B 

U/D 

R 

PI 

P2  P3 

P4 

1  ■WV[    pWVj_  -WVj_ 


/     P6  /     P7  / 


Terminal 

Count 

Indicator 


Rmliton-  10  kH 


Note:  The  Least  Significant  Digit  (L.S.D.)  counts  from  a  preset  value  once  Preset  Enable  (PE)  goes  low.  The  Most  Signifi- 
cant Digit  (M.S.D.)  does  not  change  while  C|n  Is  high.  When  the  count  of  the  L.S.D.  reaches  0  (count  down  mode)  or 
reaches  9  (count  up  mode),  C0ut  goes  low  for  one  complete  clock  cycle,  thus  allowing  the  next  counter  to 
decrement/increment  one  count.  The  L.S.D.  now  counts  through  another  cycle  (10  clock  pulses)  and  the  above  cycle  is 
repeated. 
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TIMING  DIAGRAM  FOR  THE  PRESETTABLE 
CASCADED  8-BIT  UP/DOWN  COUNTER 


Clock 

Up/Down 

Carry  In 
(MSD) 

PE 
PS 
P7 
P6 
PS 
P4 
P3 
P2 
PI 


Carry  Out 
(MSD) 

oa 

Q7 

as 

OS 
04 

03 
02 
Ol 
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Count  LSD 


—  Pro8ot  Enable 
■  Up  Count 


L  1  Preset 
^  Enable 


I 


-  Up  Count  • 


Down 
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I*-  Reset  hJ 

l  1 

-Up  Count 


6-250 


MC14510B 


FIGURE  4  —  PROGRAMMABLE  CASCADED  FREQUENCY  DIVIDER 


00        01        Q2  03 
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04 
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0$  06 

1  1 
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02  03 

04 

Clock 
U/O 
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MC14S10B 
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Note:  The  programmable  frequency  divider  can  be  set  by  applying  the  desired  divide  ratio,  In  BCD,  to  the  preset  inputs. 
For  example,  the  maximum  divide  ratio  ol  99  may  be  obtained  by  applying  a  1001 1001  to  the  preset  Inputs  PO  to  P7.  For 
this  divide  operation,  both  counters  should  be  configured  In  the  count  down  mode.  The  divide  ratio  of  zero  is  an  undefined 
state  and  should  be  avoided. 
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BCD-TO  SEVEN  SEGMENT  LATCH/DECODER/DRIVER 

The  MC1451 1B  BCD-to-seven  segment  latch/decoder/driver  is  con- 
suucied  with  complementary  MOS  (CMOS)  enhancement  mode  de- 
vices and  NPN  bipolar  output  drivers  in  a  single  monolithic  structure. 
The  circuit  provides  the  functions  of  a  4  bit  storage  latch,  an  8421 
BCD  to  seven  segment  decoder,  andan  output  drive  capability.  Lamp 
test  {LT,,  blanking  (Bl ),  and  latch  enable  (LEI  inputs  are  used  to  test 
the  display,  to  turn  off  or  pulse  modulate  the  brightness  of  the 
display,  and  to  store  a  BCD  code,  respectively.  It  can  be  used  with 
seven-segment  light  emitting  diodes  (LED),  incandescent,  fluorescent, 
gas  discharge,  or  liquid  crystal  readouts  either  directly  or  indirectly. 

Applications  include  instrument  le  g.,  counter,  DVM,  etc.)  dis- 
play driver,  computer/calculator  display  driver,  cockpit  display  driver, 
and  various  clock,  watch,  and  timer  uses. 

•  Low  Logic  Circuit  Power  Dissipation 

•  High-Current  Sourcing  Outputs  (Up  to  25  mA| 

•  Latch  Storage  of  Code 

•  Blanking  Input 

•  Lamp  Test  Provision 

•  Readout  Blanking  on  all  Illegal  Input  Combinations 

•  Lamp  Intensity  Modulation  Capability 

•  Time  Share  (Multiplexing!  Facility 

•  Supply  Voltage  Range  =  3.0  V  to  18  V 

•  Capable  of  Driving  Two  Low-power  TTL  Loads,  One  Low-power 

Schottky  TTL  Load  or  Two  HTL  Loads  Over  the  Rated 
Temperature  Range. 

•  Chip  Complexity:  216  FETs  or  54  Equivalent  Gates 


MAXIMUM  RATINGS  (Voltages  referenced  to  Vss). 


Rating 

Symbol 

Value 

Unit 

DC  Supply  Voltage 

VDD 

-0.5  io  *I8 

V 

Input  Voltage.  All  Inputs 

V,n 

-0.5  to  Vqq  +  0.5 

V 

DC  Current  Drain  per  Input  Pin 

1 

10 

mA 

Ooeratmg  Temperature  Range  -  AL  Device 
CL/CP  Device 

TA 

-55  lo  -  125 
-40  to  -85 

°C 

Storage  Temperature  Range 

Tstg 

-G5  to  •  150 

°c 

Maximum  Output  Drive  Current 
Source;  per  Output 

'OHmax 

25 

mA 

Maximum  Continuous  Output  Power 
fSource)  per  Output  t 

'OHmai 

50 

mW 

:  pOHrr 


'oh  (vdd  -voh' 


This  dev.ce  contains  circuitry  to  protect  the  inputs  against  damage  due  to  high  static 
voltages  or  electric  fields,  however,  it  is  advised  ihat  normal  precautions  be  taken  to 
avoid  application  of  any  voltage  higher  than  maximum  rated  voltaqes  to  this  high  im- 
pedance circuit.  A  destructive  high  current  mode  may  occur  if  Vjn  and  Vout  are  not  con- 
strained to  the  range  V55  -   IV,n  or  Vout)  <  VDD- 

Due  to  the  sourcing  capability  of  this  circuit,  damage  can  occur  to  the  device  il  Vqq  is 
applied,  and  the  Outputs  are  shorted  to  V55  and  are  at  a  logical  1  (See  Maximum 
Ratings). 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (eg.  either 
VSS  or  VDD> 


CMOS  MSI 

ILOW  POWER  COMPLEMENTARY  MOS) 

BCD-TO-SEVEN  SEGMENT 
LATCH/DECODER/DRIVER 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  6?0 


P  SUFFIX 

PLASTIC  PACK.AGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -55°Cto  +125°C 
MC14XXXBAL  (Ceramic  Package Onlyl 

C  Series   -40°C  to  +85°C 
MC14XXXBCP  (Plaslic  Packagol 
MC14XXXBCL  ICeramic  Package! 


PIN  ASSIGNMENT 


CI  ! 
CT  I  3 

Bi  I  4 
LE  {  B 

0  IS 

A  I  I 

vss  [a 


is  ]l 

14  ]S 

t3  ]» 

n  ib 

11  ]c 
ID  Id 
3  I* 

DISPLAY 


8 


uj  ' 

D  D 

L  [_* 

S' 

5 

h 

- 

1 

8 

9 

TfluTM  TABLE 


1 VPUTS 

LE 

Bl 

LT 

D  C    B  a 

3    f)    e    il    c    i  q 

□  ISPLAY 

O 

1    t    1    f    t    p  1 

a 

0  1 

0     0    0    0     □    0  D 

'  T 

O 
0 
0 
0 

O     Q     0  O 

a   a    a  1 

0  0  10 
0    0  11 

]  111110 

0  110    0    0  0 

1  1  D  1  1  0  1 
11110    0  1 

\ 

0 

' 

0 

□ 

i 

0  10  0 
0  10  1 
0  110 
0  111 

0  1  1  0  0  >  1 
10     110  11 

0  0  11111 

1  1     10    0    0  0 

•> 

h 

0 

0 

10     0  0 

1    o    o  l 

10  10 
10  11 

11  1  0  0  1  1 
0  0  0  0  U  0  0 
0    0    0    0    0    0  0 

a 
1 

BK"k 
Bi*"> 

c 

I 

0 

: 

! 

0  0  0  0  0  0  0 
0  G  0  0  0  0  0 
0  0  0  0  0  0  0 
0    0    0    0    0     0  0 

BHit 
H 

Bit-" 

X  -  Oon"t  Car« 

'OeDend,  u»on  Itie  BCD  code  previously 
when  LE  0 
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ELECTRICAL  CHARACTERISTICS  (Volmaw  Referenced  to  Vss) 


VDD 

Tlow" 

25°C 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

TVP 

Max 

Min 

Max 

Unit 

Output  Voltage                     "0"  Level 

VOL 

5.0 

0.05 

0 

0.05 

- 

0.05 

V 

V,n  "  VDD  orO 

10 

0.05 

_ 

0 

0.05 

- 

0.05 

15 

- 

0.05 

- 

0 

0.05 

- 

0.05 

"V  Level 

V0H 

5.0 

4.1 

_ 

4.1 

4.57 

_ 

4.1 

- 

V 

V,„>0orVDD 

10 

9.1 

_ 

9.1 

9.58 

9.1 

15 

14.1 

_ 

14.1 

14.59 

_ 

14.1 

- 

Input  Voltage"                    "0"  Level 

V|L 

V 

<V0"  3.8  or  0.5  VI 

5.0 

1.5 

1 .5 

- 

1.5 

(V0  -  8.8 or  1.0  VI 

10 

3.0 

4  50 

3.0 

- 

3.0 

<V0  =  13.8or  1.5  V) 

15 

4.0 

6.75 

4.0 

- 

4.0 

(Vo*0.5or3.8  V)           "1"  Level 

V|H 

5.0 

3.5 

3  5 

2  75 

3.5 

- 

V 

<V0  »  1.0  or  8.8  V) 

10 

7  0 

7.0 

- 

(Vo  «  1.5  or  13.8  V) 

15 

110 

- 

110 

8.25 

- 

11.0 

- 

Output  Drive  Voltage  IAL  Device) 

VOH 

4.1 

V 

"OH  =  0  mA)  Source 

5.0 

4.10 

4.10 

4.57 

(lOH  "  5.0  mA) 

4.24 

_ 

"OH  "  '0  mA) 

330 

- 

3.90 

4  12 

- 

3  5 

- 

ll0H"  15mA) 

3.94 

: 

HOH  "  20  mA) 

3.40 

- 

3.40 

3.70 

- 

3.0 

IIOH  "  25  mA) 

3.54 

— 

( l(~iu  -  O  mA) 

10 

9.10 

9.1 

V 

I'OH  s  5.0  mA) 

- 

9.26 

- 

_ 

(Iqh  "  10  mA) 

9  00 

9  00 

9  17 

8.6 

- 

"OH  =  15  mA) 
('OH  "  20  mA) 

8  60 

8  60 

8  90 

8.2 

- 

(■OH  -  25mA) 
"OH  "  0  mA) 

- 

- 

8.70 

- 

.- 

- 

15 

14.1 

- 

14  1 

14.59 

14.1 

- 

V 

■  w  III J 

- 
14.0 

14.27 

13.6 

_ 

"OH  =  15  mA) 
"OH  ■  20  mA) 

13.6 

- 

13.6 

14.07 
13  95 

- 

13.2 

- 

(Iqh  =  25  mA) 

— 

1 3.70 

rtiitnut  rtriua  Y/nltfMW  (PI  /PP  fl(»ujrf»l 
UUipUl  W"Vc  VUlltfyV  l^L'^r  ycvitci 

&  0  mA)  Source 

vOH 

5.0 

4.10 

4.10 

4  57 

4.1 

_ 

V 

4  24 

_ 

_ 

IIqH     10  mA) 

3.60 

- 

360 

4  12 

- 

3.3 

- 

(IqH  =  15mAI 
"OH  *  20  mAI 

2.80 

2  80 

3.94 
3  75 

2.5 

_ 

(lOH  "  25  mAI 

~ 

3  54 

- 

- 

ll^u  ■  OmA) 

10 

9.10 

9.1 

_ 

V 

"OH  *  5.0  mAI 
(Iqh  *  10 mAI 

8.75 

8.75 

9  26 
9  17 

_ 
8.45 

IIOH  3  15mAI 

9  04 

- 

IIqh  '  20  mA) 

8.10 

8  10 

8.90 

7.8 

- 

(lOH  "  25  mA) 

8  75 

_ 

(Iqh  ^  0mA) 

15 

14.1 

14. 1 

14.59 

14.1 

V 

(IqH  =  5.0  mA) 
(lOH  -  10  mA) 

13  75 

13  75 

14  18 

13.45 

ll0H  ■  15  mAI 

14.07 

IIOH  "  20 mAI 

13.1 

13  1 

13.95 

12.8 

(lOH  -  25  mA) 

13.80 

Output  Drive  Current  tAL  Device) 

IVqu     0.4  V)  Sjnk 
IVOL  -  05  VI 
(Vql  =  1  5  VI 

lOL 

5.0 
10 
15 

064 
1  6 
4  2 

0  51 
1  3 
3  4 

0  88 
2  2b 
88 

0  36 
09 
2  4 

m  A 

Output  Orive  Current  (CL/CP  Device) 

'OL 

m  A 

IVql  '°4  vi  s,nk 

5  0 

0  52 

044 

0  88 

0  36 

IV0L  -  0  5  VI 

10 

1  3 

1  1 

2  25 

09 

IV0L  =  1  5  VI 

15 

36 

3  0 

8  8 

24 

(Continued! 
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ELECTRICAL  CHARACTERISTICS  (Continued) 


Characteristic 

Symbol 

vDd 

Vdc 

Tlow' 

28°C 

Th 

1»* 

Unit 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Input  Current  (AL  Device) 

•in 

15 

tO.l 

!  0.00001 

tO.l 

sl.O 

«A 

Input  Current  (CL/CP  Device) 

■in 

15 

s0.3 

10.00001 

t03 

MO 

nA 

Input  Capacitance 

Cin 

5.0 

7.5 

pF 

Quiescent  Current  (AL  Devicel 
(Per  Package)  V|n"0  or  Vpp, 
'out  "DM 

IDD 

5.0 
10 
15 

50 
10 
20 

OJOOS 
0.010 
0.016 

5.0 
10 
20 

150 
300 
600 

«A 

Quiescent  Current  ICL/CP  Devicel 
(Per  Package)  V|„-0  or  Vdq, 
lout •  0  uA 

>DD 

5.0 
10 
15 

20 
40 
80 

OiOOS 
0.010 
OillS 

20 
40 
80 

150 
300 
600 

nA 

Total  Supply  Current "  t 
(Dynamic  plus  Quiescent, 
Per  Package) 

ICL  -  SO  pF  on  all  outputs,  all 
buffers  switching) 

•t 

5.0 
10 
15 

lT  •  (13  (iA/kHi)  f  »  Iqd 
IT  *  (3.8  nA/kHj)  1  ♦  IQD 
'T  =  (5.7  MA/kHi)  f  »  IDD 

dA 

'Tlow-  "5S°C  'or  AL  Device.  -40°C  for  CL/CP  Device. 
Thigh  -  *125°C  tor  AL  Device.  +85°C  lor  CL/CP  Device. 
ttNoise  immunity  specified  for  worst  case  input  combination. 
Noise  Margin  lor  both  "1"  and  "0"  level  ■ 

1.0  Vdc  min  @  Vqo  '  5.0  Vdc 
2.0  Vdc  min  <§>  Vqq  *  10  Vdc 
2.5  Vdc  min  @  Vqd  3  15  Vdc 


tTo  calculate  total  supply  current  at  loads  other  than  50  pF : 
lT(CL»  '  lT(50  pF)  +  3.5  x  10-3  <CL  -50»  VD0f 

where:  It  '*  'n  i*A  'P*r  package).      in  pF,  Vqq  in  Vdc, 

and  f  in  kHz  is  input  frequency. 
"The  formulas  given  are  for  the  typical 

characteristics  only  at  25°C- 


SWITCHING  CHARACTERISTICS*  <CL  -  50  pF,TA  -  2S°C. 


Vnn 

Characteristic 

Symbol 

Vdc 

Min 

Typ 

Max 

Unit 

Output  Rite  Time 

tTLH 

80 

ns 

'TLH  "  (0-40  rtt/pFI  C|_  +  20  nt 

5.0 

_ 

40 

<TLH  "  <0-26  nt/pF)  C|.  +  17.5  n» 

10 

_ 

30 

60 

'TLH  "  (0a0ns/pF)  C|_+  15  n» 

IS 

25 

50 

Output  Fell  Time 

«THL 

125 

250 

nt 

<THL  -  (1 .6  nt/pF)  C|_  +  50  ns 

5.0 

tTHL  -  (0.75  ns/pF)  Cl  +  375  nt 

10 

75 

150 

tTHL  "  (055  nt/pF)  Cl  +  375  nt 

IS 

65 

130 

Data  Propagation  Delay  Time 

tPLH 

640 

nt 

tPLH  "  (0  *«  nt/pF)  C|_  +  620  nt 

5.0 

1280 

tpm  "  (0.25  nt/pF)  C|_  +  237.5  nt 

10 

250 

500 

tpi_H  ■  (0.20  n't/pFI  Cl  +  165  ns 

15 

175 

350 

IPHL"  (1.3nt/pF)  Cl  +6S5nt 

«PHL 

5.0 

720 

1440 

tPHL  "  (O-60  nt/pF)  C|.  +  260  nt 

10 

290 

580 

tpHL  "  (0-36  nt/pF)  CL  +  182.5  nt 

15 

200 

400 

Blank  Propagation  Delay  Time 

<PLH 

750 

nt 

tpLH  "  (0.30  nt/pF)  Cl  +  586  ns 

5.0 

600 

tpLH  "  (0.26  nt/pF)  Cl  +  187.6  nt 

10 

200 

300 

tpLH"  (0.16nt/pF)CL  +  142.5nt 

15 

150 

220 

tPHL  *  (0-85  nt/pF)  CL  +  442.5  nt 

«PHL 

5.0 

485 

970 

tpHL  "  (0.46  nt/pF)  CL  +  177.5  nt 

10 

200 

400 

tPHL  *  10.35  nt/pF)  CL  +  142.5  nt 

15 

160 

320 

Lamp  Test  Propagation  Delay  Time 

«PLH 

nt 

tpLH  "  (045  nt/pF)  Cl  +  280.5  nt 

5.0 

313 

62S 

tpLH  ■  (0.25  nt/pFI  CL  +  1125  nt 

10 

125 

250 

tPLH  ■  (0.20  nt/pF)  Cl  +  80  nt 

15 

90 

160 

tpHL"<1<3nt/pF)CL  +248nt 

VHL 

S.O 

313 

625 

tpHL  *  (0.45  nt/pF)  Cl  +  1025  nt 

10 

12S 

250 

tpHL  "  (0  35  nt/pF)  Cl  +  725  rt» 

15 

90 

180 

Setup  Time 

<tu 

S.O 

100 

nt 

10 

40 

IS 

30 

Hold  Time 

th 

S.O 

60 

ns 

10 

40 

15 

30 

Latch  Enable  Pulse  Width 

«WL 

5.0 

S20 

260 

nt 

10 

220 

110 

16 

130 

65 

'The  formulas  given  are  for  the  typical  characteristics  only. 
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FIGURE  1  -  DYNAMIC  POWER  DISSIPATION 
SIGNAL  WAVEFORMS 


Input  LE  low,  «nd  Inputs  D.  Bl  and  LT  high. 

f  in  respect  to  i  system  clock. 

All  outputs  connected  to  respective  CL  loads. 


A,  B,  and  C 


Any  Output 


FIGURE  2  -  DYNAMIC  SIGNAL  WAVE  FORMS 


(i)  Inputs  O  and  LE  low,  and  Inputs  A,  B.  Bl  and  LT  high. 


Input 


Output 


»TLH  TTHL 


lb)  Input  D  low.  Inputs  A.  B,  Bl  and  LT  high. 


let  Data  DCBA  strobed  into  latches. 


LE 
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CONNECTIONS  TO  VARIOUS  DISPLAY  READOUTS 


LIGHT  EMITTING  DIODE  (LED)  READOUT 
VDD  VDD 


INCANDESCENT  READOUT 


=  vss 

GAS  DISCHARGE  READOUT 


•*A  filament  pro-worm  resistor  is  recommended  to  reduce  filsmant 
thermal  shock  and  increase  the  effective  cold  resistance  of  tho 
filament. 


FLUORESCENT  READOUT 


—  »*j 


Oirect 

(Low  Brightness) 


Filament 
Supply 


—  VSS  —  Vgg  or  oppropriote 

voltage  below  Vss. 
(CAUTION:  Maximum  working  voltage  °  18.0  V) 

LIQUIO  CRYSTAL  (LCD)  READOUT 

Excitation 
(Square  Wove. 
vDO  VSS  to  VDO> 


r— ir— 


"i — 


//////  _ 


1 14  Of  MC14070B 


Direct  dc  drive  of  LCD's  not  recommended  for  life  of  LCD  readouts. 


6-256 


MC14511B 


LOGIC  DIAGRAM 
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MOTOROLA 


8-CHANNEL  DATA  SELECTOR 

The  MC14512B  is  an  8-channel  data  selector  constructed  with 
MOS  P-channel  and  N-channel  enhancement  mode  devices  in  a 
single  monolithic  structure.  This  data  selector  finds  primary  appli- 
cation in  signal  multiplexing  functions.  It  may  also  be  used  for 
data  routing,  digital  signal  switching,  signal  gating,  and  number 
sequence  generation. 


Diode  Protection  on  All  Inputs 
Single  Supply  Operation 

3-5tate  Output  (Logic  "1",  Logic  "0",  High  Impedance) 
Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schotlky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS'  (Voltages  Referenced  to  vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Vollago 

-0.5  to  +18  0 

V 

Vjn-  Vout 

Input  or  Oulpul  Voltago  (DC  or  Transiont) 

-0.5  to  Vdd  +0.5 

V 

■in-  'out 

Input  or  Output  Current  (DC  or  Transient),  por  Pin 

:r  10 

mA 

Pd 

Power  Disaipation,  per  Packagot 

500 

mW 

T»tg 

Storage  Temperature 

-65  to  +  150 

'C 

Tl 

Load  Tomperaturo  (8-Socond  Soldering) 

260 

■c 

'Maximum  Ratings  are  those  values  beyond  which  damago  to  the  device  may  occur. 
tTomperaluro  Derating:  Plastic  "P"  Package:  -12mW/*C  from  65°C  to  85BC 

Ceramic  "L"  Package:  -  IZmW/'C  from  100BC  to  125'C 


TRUTH  TABLE 


c 

B 

A 

INHIBIT 

DISABLE 

z 

0 

0 

0 

0 

0 

XO 

0 

0 

1 

0 

0 

XI 

0 

1 

0 

0 

0 

X2 

0 

1 

1 

0 

0 

X3 

i 

0 

0 

0 

0 

Xd 

i 

0 

1 

0 

0 

X5 

i 

1 

0 

□ 

0 

X6 

i 

1 

1 

0 

0 

X7 

X 

X 

X 

1 

0 

0 

X 

X 

X 

X 

1 

High 

X  «  Don't  Caro 


MC14512B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

8-CHANNEL  DATA  SELECTOR 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -55'C  to  +I25*C 
MC14XXXBAL  (Ceiamic  Package  Only) 

C  Sartes:  -40"C  lo  +  65'C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Caramlc  Package) 


PIN  ASSIGNMENT 

1 

XO 

vDD 

=3  16 

2 

X  1 

Dil 

=]  15 

3 

X2 

Z 

=1  Id 

4 

X3 

c 

=1  13 

5 

L= 

Xd 

B 

=3  12 

6 

X5 

A 

:zj  u 

7 

X6 

Inn 

=3  10 

8 

VSS 

X7 

This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  V|n  and  Vout  should  be 
constrained  to  the  range  Vss  *  (vin  or 
Vout)  *  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vgs 
or  Vdd)-  Unused  outputs  must  be  left  open. 
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ELECTRICAL  CHARACTERISTICS  (Vollages  Relerenced  lo  Vss) 


Vqd 

flow* 

25*C 

Thl 

oh* 

Characteristic 

Symbol 

Vdc 

MIn 

Max 

Min 

Typ# 

Max 

Mtn 

Max 

Unit 

Output  Vott&ge 

"0"  Level . 

Vol 

5.0 

— 

0.05 

— 

0 

0.05 

0.05 

Vdc 

Vtn  =  Vnn  or  0 
*tn     vuu  ul  v 

10 

— 

0.05 

— 

0 

0.05 

0.05 

15 

0.05 

— 

0 

0.05 

0.05 

"1"  Level 

voh 

5.0 

■1.95 

— 

4.95 

5.0 

— 

4.95 

— 

Vdc 

V|n  -  0  or  Vqd 

10 

9.95 

— 

9.95 

10 

— 

9.95 

15 

14.95 

— 

14.95 

15 

— 

14.95 

Input  Voltage 

"0"  Level 

V|L 

Vdc 

(Vo  =  4-5  or  0.5  Vdc) 

5.0 



1.5 



2.25 

1.5 

— 

1.5 

(Vo  =  9.0  or  1.0  Vdc) 

10 

3.0 

— 

4.50 

3.0 

— 

3.0 

(Vo  -  13.5  or  1.5  Vdc) 

15 

4.0 

— 

6.75 

4.0 

4.0 

"1"  Level 

V|H 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3  5 

— 

3.5 

2.75 

— 

3.5 

— 

(Vo  »  1.0  or  9.0  Vdc) 

10 

7.0 

— 

7.0 

5.50 

— 

7.0 

(Vo  -  1.5  or  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 

— 

11.0 

Output  Drive  Current  (AL  Device) 

'OH 

roAdc 

(Voh  =  2-5  Vdc) 

Source 

5.0 

-3.0 

_ 

-2.4 

-4.2 



-1.7 

— 

(Voh  =  4.6  Vdc) 

5.0 

-0.64 

— 

-0.51 

-0.88 

— 

-0.36 

— 

(Voh  -  9-5  Vdc) 

10 

-1.6 

— 

-1.3 

-2.25 

— 

-0.9 

(VOH  =  135  Vdc) 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

(Vol  =  o.4  vdc) 

Sink 

lOL 

5.0 

0.64 

— 

0.51 

0.88 

— 

0.36 

— 

mAoc 

(Vol  =  as  voe) 

10 

1.6 

— 

1.3 

2.25 

0.9 

(vql  =  i  s  vdc) 

15 

4.2 

3.4 

8.8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

'oh 

mAdc 

(VOH  =  2-5  Vdc) 

Source 

5.0 

-2.5 

-2.1 

-4.2 

-1.7 

- 

(V0H  =  4.6  Vdc) 

5.0 

-0.52 

_ 

-0.44 

-0.88 

_ 

-0.36 

— 

(v0H  -  9-5  vdc) 

10 

-1.3 

— 

-1.1 

-2.25 

— 

-0.9 

(VOH  =  13-5  Vdc) 

15 

-3.6 

— 

-3.0 

-8.8 

— 

—2.4 

(vol  =  0-4  voe) 

Sink 

lOL 

5.0 

0.52 



0.44 

0.88 

_ 

0.36 

— 

mAdc 

(Vol  -  o.5  v«c) 

10 

1.3 

— 

1.1 

2.25 

— 

0.9 

— 

(Vql  -  i  s  vdc) 

15 

3.6 

3.0 

8.8 

— 

 —  

Input  Current  (AL  Device) 

■in 

15 



-  01 

±0.00001 

±0.1 

— 

±1.0 

jiAdc 

Input  Current  (CUCP  Device) 

■in 

15 

*0.3 

±0.00001 

±0.3 

— 

±1.0 

pAdc 

Input  Capacitance 

Mn 

— 

— 

5.0 

7.5 

pF 

(V(n  -  0) 

Quiescent  Current  (AL  Device) 

'DD 

5.0 

- 

5.0 

0.005 

5.0 

150 

MAdc 

(Per  Package) 

10 

— 

10 

0.010 

10 

300 

15 

— 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

lOD 

5.0 

— 

20 

0.005 

20 

150 

/iAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

BO 

0.015 

80 



600 

Total  Supply  Current"t 

IT 

5.0 

IT  =  (0.8  (lA/kHz)  1  +  iDD 

jtAdc 

(Dynamic  plus  Quiescent, 

10 

IT  =  (1.6;iA/kH2)f  +  |0D 

Per  Package) 

15 

IT  =  (2-4  (lAfltHz)  1  +  IQD 

(Cr_  -  50  pF  on  all  outputs, 

all  buffers  switching) 

Three*State  Leakage  Current 

ITL 

15 

±0.1 

±0.00001 

±0.1 

±3.0 

fiAdc 

(AL  Device) 

Three-State  Leakage  Current 

ITL 

15 

±1.0 

±0.00001 

±1.0 

±7.5 

pAdc 

(CUCP  Device) 

"Tlow"  -55*C  lor  AL  Device,  -40°C  tor  CL/CP  Dovtco.  fTo  calculate)  total  supply  currant  at  toads  other  then  90  pF: 

Thlch  "  + 1 2S*C  tw  AL  Dovlco,  +  65*C  for  CL/CP  Dovlco. 

»T(CL)  -  lr<50pF)  +  (CL  -50)  Vtk 

#Dsta  labellod  **lypH  Is  not  to  bo  usod  for  doslgn  purposos  but  ts 
fmondotf  as  an  indication  of  tho  (C  o  potential  performance.  where:  tT  is  tn  txA  (por  pockago).  C^  In  pF,  V  -  (Vqq  -  v&s) in  volts, 

f  In  kHz  is  Input  froquoncy.  and  k  -  0.001. 

"Tho  formulas  givon  are  tor  tho  typical  characteristics  only  at  25*C. 
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SWITCHING  CHARACTERISTICS  (CL-50  pF,  TA-25'C.  See  Figure  1) 


Chs  ractorl  at  Ic 

Symbol 

vOD 

All  T 

rpra 

Typ  # 

Output  Rise  and  Fall  Time 

*TLH»  *THL"^'6  na/PF)  C|_  +  25  ns 
*TLH'  *THL"W*7S  ""PP)  Cl+12.5  ns 
iti  U|  ■THL    ^         n«w|f»  |  vi 

'TLH, 
'THL 

5.0 
10 

100 
50 

200 
100 

ns 

Propagation  Delay  Time  (Figure  2) 
Inhibit,  Control,  or  Data  to  Z 

'PLH 

SO 
10 
15 

330 
125 

as 

eso 

250 
170 

ns 

Propagation  Delay  Time  (Figure  2) 
Inhibll,  Control,  or  Data  to  Z 

'PHL 

S.O 
10 
15 

330 
125 
65 

eso 

250 
170 

ns 

3>  State  Output  Delay  Times  (Figure  3) 
"V  or  **0"  to  High  Z.  and 
High  Z  to  "1"  or  "0" 

>PHZ.  'PLZ. 
'PZH.  'PZL 

S.O 
10 
15 

80 
35 
30 

150 
100 
75 

ns 

'The  formulas  given  are  (or  the  typical  characteristics  only  at  25*C- 


#Data  labelled  "Typ"  Is  net  to  be  used  for  design  purposos  but  is 
tnlendod  as  an  Indication  of  the  IC's  potential  porformsnco. 
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FIGURE  3  -  ESTATE  AC  TEST  CIRCUIT  AND  WAVEFORM 


VDDo 


Diuble 

Inhibit 

z 

A 

B 
C 

xo 

XI 

X2 

XJ 

X4 

X6 

XS 

X7 

10  V,  end  IS  V 


»   2VtVDO'  8V 

-  S  V»  VDO  -  10  V 

-  10  V  »  VDO  -15  V 


Switch  Positions  lor  3-State  Tfit 


TEST 

SI 

S2 

S3 

S4 

'PHZ 

Open 

ClOMS 

Cloud 

Open 

«PLZ 

Cloud 

Open 

Open 

Cloud 

tfZL 

Cloud 

OlMn 

Open 

Cloud 

tPZH 

Open 

Cloud 

Cloud 

Open 

LOOK  DIAGRAM 


Tremmlulon 
Oeta 


Selecud 
Device 


Date 

But 


lOO 


'Tl. 


'TL 


3-8TATE  MODE  OF  OPERATION 
Output  termlnelt  of  several  MC14512B 
8-Bit  Dtte  Selectors  cm  be  connected 
to  ■  tingle  date  but  it  thowfl.  One 
MC14S12B  It  attected  by  the  3-etete 
control,  end  the  remaining  device!  ire 
disabled  into  ■  high  •impedance  "off" 
ttne.  The  number  of  8-bit  data  enactor!. 
N,  that  may  be  connected  to  a  but  Una 
it  determined  '.from  the  output  drive 
currant,  Iqq,  3-nata  or  disable  output 
leakage  currant,  and  the  load 

current,  l|_.  required  to  drive  the  but 
lint  (Including  fan  out  to  other  device 
inpuu),  and  can  be  calculated  by: 

lOO  -  lL  J 


'TL 


:+1 


N  mutt  be  calculated  for  both  high  and 
low  logic  stare  of  the  but  Una. 


\ 
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BCD-TO-SEVEN  SEGMENT  LATCH/DECODER/DRIVER 

The  MC14513B  BCD-to-seven  segment  latch/decoder/driver  is 
constructed  with  complementary  MOS  (CMOS)  enhancement  mode 
devices  and  NPN  bipolar  output  drivers  in  a  single  monolithic  struc- 
ture. The  circuit  provides  the  functions  of  a  4-bit  storage  latch,  an 
8421  BCD-to-seven  segment  decoder,  and  has  output  drive  capability. 
Lamp  test  (LT),  blanking  (61),  and  latch  enable  (LE)  inputs  are  used 
to  test  the  display,  to  turn-off  or  pulse  modulate  the  brightness  of  the 
display,  and  to  store  a  BCD  code,  respectively.  The  Ripple  Blanking 
Input  (RBI)  and  Ripple  Blanking  Output  (RBO)  can  be  used  to 
suppress  either  leading  or  trailing  zeroes.  It  can  be  used  with 
seven-segment  light  emitting  diodes  (LED),  incandescent,  fluorescent, 
gas  discharge,  or  liquid  crystal  readouts  either  directly  or  indirectly. 

Applications  include  instrument  (e.g.,  counter,  DVM,  etc.) 
display  driver,  computer/calculator  display  driver,  cockpit  display 
driver,  and  various  clock,  watch,  and  timer  uses. 
Low  Logic  Circuit  Power  Dissipation 
High-current  Sourcing  Outputs  (Up  to  25  mA) 
Latch  Storage  of  Binary  Input 
Blanking  Input 
Lamp  Test  Provision 

Readout  Blanking  on  all  Illegal  Input  Combinations 
Lamp  Intensity  Modulation  Capability 
Time  Share  (Multiplexing)  Capability 

Adds  Ripple  Blanking  In,  Ripple  Blanking  Out  to  MC1451 1B 
Supply  Voltage  Range  =  3.0  V  to  18  V 

Capable  of  Driving  Two  Low-Power  TTL  Loads,  One  Low-power 
Schottky  TTL  Load  to  Two  HTL  Loads  Over  the  Rated 
Temperature  Range. 


MAXIMUM  RATINGS  [Voltages  referenced  10  Vssl 


Rating 

Symbol 

Value 

Unit 

OC  Supply  Voltage 

vDd 

-0.5  to  +18 

V 

Input  Voltage,  All  Inputs 

Vin 

-0.5  to  Vdd  *  0  5 

V 

DC  Current  Drain  per  Input  Pin 

i 

10 

mA 

Operating  Temperature  Range  -  AL  Device 
CL/CP  Device 

TA 

-55  to +125 
-AO  to  +85 

°C 

Storage  Temperature  Range 

Tstg 

-65  to  +150 

°C 

Maximum  Continuous  Output  Drive  Current 
(Source)  per  Output 

'OHmax 

25 

mA 

Maximum  Continuous  Output  Power 
(Source)  per  Output  % 

pOHmax 

50 

mW 

tpOHmax"  'OH  <VDD  "  vOHl 


This  device  contains  circuitry  to  protect  the  inputs  against  damage  due  to  high  static 
voltages  or  electric  fields:  however,  it  is  advised  that  normal  precautions  be  taken  to 
avoid  application  of  any  voltage  higher  than  maximum  rated  voltages  to  this. high  imped- 
ance circuit.  A  destructive  high  current  mode  may  occur  if  Vjn  and  Vout  is  not  con- 
strained to  the  range  Vgg  ^(Vjn  or  Vout)  ^Vrjrj. 

Due  to  the  sourcing  capability  of  this  circuit,  damage  can  occur  to  the  device  if  Vqq  is 
applied,  and  the  outputs  are  shorted  to  V55  and  are  at  a  :  ;..  .1  1  (see  Maximum 
Ratings). 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  V55 
or  Vdd). 


CMOS  MSI 

IL0WPOWER  COMPLEMENTARY  MOS) 

BCD-TO-SEVEN  SEGMENT 
LATCH/DECODER/DRIVER 
WITH  RIPPLE  BLANKING 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  726 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  707 


ORDERING  INFORMATION 

A  Series:  -55°C  to  +  I25°C 
MC14XXXBAL  (Ceramic  Package  Only! 

C  Series:  -40°C  to  +85°C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Packagel 


PIN  ASSIGNMENT 


'  cz 

B 

VDD 

=3  18 

C 

1 

=3  1  J 

3  fZ= 

Uf 

0 

ZZI  16 

51 

ZZI  15 

i  cr 

LE 

b 

ZZI  14 

» cz: 

D 

c 

ZZI  13 

cz 

A 

d 

CZJ  1! 

cz: 

RBI 

0 

ZZI  11 

lzz 

vSs 

RBO 

ZZI  10 

•9 


1DI  /lr?l3N5i5|-7l8l9] 

■  *   1  i 


It        r      ■  ,. 


outrun 

Hfll 

LE 

DCS* 

«BO 

0000000 

0 

0 
0 

0000 

DODO 

0 

0  a  0  a  0  0  0 

1111110 

a 

0 
0 

a 
0 

0OOI 
.    0    1  0 

0    1    C  S 
0    10  1 

0 
0 

a* 

0 
0 

01   1  a  0  o  o 
1  1  c  1   1  0  1 
1  1  1  1  d  a  1 
a  1   1  0  g  1  1 

10    119    1  ■ 

1 
3 

0 
a 

0 
0 

0  113 
Gilt 
t  0   D  5 
10   0  1 

1  0    i  3 

0 

a 

0 
0 
0 

10    1111  1 
1110)00 

0  a  0  a  a  a  a 

e 

i 

g 

0 
0 

0 

a 

10  11 

1  <i  a  3 

110  1 
1113 

a 
a 
c 
0 

0  0  0  0  a  a  0 
a  0  0  0  0  □  0 
a  0  0  a  0  0  0 
a  0  a  a  0  a  a 
a  0  a  a  a  a  0 
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ELECTRICAL  CHARACTERISTICS  lVolta9«  Referenced  10  VSS> 


Tlow' 

25»C 

Thijh" 

Characteristic 

Symbol 

Vdc 

Mm 

Max 

Mm 

Typ 

Mux 

Mm 

Max 

Unit 

Output  Voltage  -  Segment  Outputs 

vol 

"0"  Level 

5.0 

0.05 

0 

0.05 

- 

0.05 

Vm  ■  Vqd  or  0 

10 

- 

0.05 

- 

0 

005 

0.05 

15 

0.05 

0 

005 

"  , 

0.05 

"1"  Level 

vOH 

5.0 

4  ' 

4.1 

5.0 

4.1 

v 

Vjn  -  Oor  Vqd 

10 

9.1 

9.1 

10 

9.1 

15 

14.1 

14.1 

15 

14.1 

Output  Voltage  —  RBO  Output 

Vni 

V 

"0"  Level 

5.0 

~ 

0.05 

~ 

0 

0.05 

0  05 

Vm    VD0  or  0 

10 

0.05 

0 

0.05 

0.05 

15 

~   

0.05 

0 

0.05 

0.05 

"1"  Level 

V<DH 

5.0 

4  95 

5  0 

4  95 

V 

Vin-  0orVDD 

10 

9.95 

9.95 

10 

9.95 

15 

14.95 

14.95 

15 

14.95 

Input  Voltage'           "0"  Level 

VIL 

V 

(V0:  3.8  or  0.5  V) 

5.0 

1.5 

~ 

2.25 

1.5 

- 

1.5 

IVq  '  8.8  or  1.0  V) 

10 

- 

3.0 

4.50 

3.0 

3.0 

|V0  =  13.8  or  1.5  V) 

15 

4.0 

6.75 

4.0 

4.0 

|W.   -  ft  C  nr  1  Q  VI    "1"   I  anal 
IVQ  -  U.3  OI  o.O  VI       1  Level 

v.. . 
VIH 

5  0 

3.5 

- 

3  5 

2  75 

- 

3.5 

- 

v 

|Vq  -  1.0  or  8.8  V) 

10 

7.0 

7.0 

5.50 

7.0 

IVq  :  1.5  or  13.8  V) 

15 

11.0 

- 

1 1.0 

8.25 

- 

11.0 

Output  Drive  Voltage  —  Segments 

V0H 

v 

|AL  Device) 

"OH  ~  0  mA)  Source: 

5  0 

4.10 

- 

4.10 

4.57 

- 

4.1 

- 

''OH  ~  *■'■■«'  m"' 

- 

- 

- 

4.24 

- 

- 

- 

fin.  •  *  IP  mAI 

l'OH     ' ^  m«i 

3.90 

- 

3.90 

4.12 

- 

3.5 

- 

Oqh  =  15  mA) 

- 

3.94 

- 

- 

- 

"OH  "  20  mA) 

3.40 

- 

3.40 

375 

- 

3.0 

- 

"OH  '  25  mA) 

- 

- 

- 

3.54 

- 

- 

"OH  =  0  mA) 



10 

9.10 

- 

9.10 

9.58 

- 

9.1 

- 

— - — 

HOH  *  5.0mAI 

- 

- 

- 

9.26 

- 

- 

- 

"OH     '  mMj 

9.00 

- 

9.00 

9.17 

86 

- 

"OH  "  ^5  mA) 

- 

- 

- 

904 

- 

- 

8.60 

8.60 

8.90 

- 

8.2 

- 

- 

- 

- 

8.75 

- 

- 

- 

— - — 

"0H,r  0  mA) 

15 

14.1 

- 

14.1 

14.59 

- 

14.1 

- 

"OH  "  S-0  mA) 

- 

- 

14.27 

- 

- 

- 

0oh    io mA) 

14.0 

- 

14.0 

14.18 

- 

13.6 

"OH=15  rnA) 

- 

- 

- 

14.07 

- 

- 

- 

(Iqh  *  20  mA) 

13.6 

- 

13.6 

13.95 

- 

13.2 

- 

(>0h  "  25  mA) 

- 

13.80 

- 

Output  Drive  Voltage  —  Segments 

V0H 

(lQl-t  "  0  mA)  Source: 

5  0 

0  10 

- 

4.10 

4.57 

- 

1 

- 

"OH  mA» 

- 

- 

- 

4.24 

- 

- 

- 

f  1  ni  i  r  If)  mAI 
IIQU        IU  lllrtl 

3.60 

3.60 

4.12 

3.3 

- 

"oh  =  1^  mA' 

- 

- 

3.94 

- 

- 

- 

"OH  ~  2^  mA' 

2.80 

- 

2.80 

3.75 

2.5 

- 

"OH  ~  25  mAI 

- 

- 

3.54 

- 

- 

— - — 

II  —  .  .  -.  A  _ A  1 

"OH  "  ** mA) 

— 77. — 

10 

9  10 

- 

9.10 

9.58 

- 

9.1 

- 

"OH  "  5.0  mA) 

9.26 

"OH  '  '0  mA) 

8.75 

8.75 

9.17 

8.45 

OOH  ;  15  mA) 

9.04 

(Iqh  "  20  mA) 

8.10 

8.10 

8.90 

7.8 

(Iqh    25  mA* 

8.75 

^OH  -  0  mA) 

15 

14.1 

14.1 

14.59 

14.1 

V 

dOH  "  5  0  mA' 

14.27 

(lOH  ~  10  mA) 

13.75 

13.75 

14.18 

13.45 

(■OH     15  mA) 

14.07 

■  ■OH  '  20  mA) 

13.1 

13.1 

13.95 

12.8 

IIqh    25  mA) 

13.80 
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ELECTRICAL  CHARACTERISTICS  (Continued) 


I 

vDD 

Tlow' 

25°C 

Thigh* 

Symbol 

Vdc 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Unit 

Output  Drive  Current  -  RBO  Output 

'OH 

mA 

(AL  Device) 

(VOH  =  2-5VI  Source 

5.0 

-0  40 

-0  32 

-0.64 

-0.22 

IVoh  =  9.SVI 

10 

-0.21 

-0.17 

-0.34 

-0.12 

(V0H  "  13.5  VI 

15 

-0.81 

-0.66 

-1.3 

-0.46 

(Vql  3  0.4  v)  Sink 

'OL 

5.0 

0.18 

0.15 

0.29 

0.10 

mA 

(v0l  "0.5  vi 

10 

0.47 

0.38 

0.75 

0.26 

ivql'  <  5vi 

15 

1.8 

1.5 

2.9 

1.0 

Output  Orive  Current  -  RBO  Output 

'OH 

mA 

(CL/CP  Device) 

(Vqh  -  2.5  VI  Source 

SO 

-0.25 

-0.21 

-0  64 

-0.17 

IVqh  -9.5  V) 

10 

-0.13 

- 

-0.11 

-0.34 

_ 

-0.092 

- 

(Vqh  °  ".5  VI 

15 

-0.52 

- 

-0.44 

-1.3 

- 

-0.36 

- 

IVql  "  0.4  VI  Sink 

'OL 

S.O 

0.12 

0.098 

0.29 

0.080 

mA 

iv0L  -  0.5  vi 

10 

0.30 

0.25 

0.75 

0.21 

(VOL  ■  1.5  VI 

15 

1.2 

0.98 

2.9 

080 

Output  Drive  Current  -  Segments 

'OL 

mA 

(AL  Device) 

(Vol  "  0  4  VI  Sink 

5.0 

0.64 

- 

0.51 

0.88 

- 

0.36 

- 

(Vql  =  0.5  VI 

10 

1.6 

- 

1.3 

2.25 

- 

0.9 

- 

(Vql  °  i-5  vi 

15 

4.2 

- 

3.4 

8.8 

- 

2.4 

- 

Output  Drive  Current  -  Segments 

lOL 

mA 

(CL/CP  Device) 

IVql  ~  **.*»  V(  bink 

50 

0.52 

- 

0.44 

0  88 

- 

0.36 

IVi-ii  °  0  5V) 

10 

1.3 

- 

1.1 

2.25 

- 

0.9 

- 

(Vql  =  1-5  V) 

15 

3.6 

- 

3.0 

8.8 

2.4 

- 

Input  Current  (AL  Device) 

'in 

—I5.  

- 

±0.1 

±000001 

±0.1 

- 

±1.0 

uA 

Input  Current  (CL/CP  Device) 

■in 

- 

±0  3 

10.00001 

±0.3 

- 

±1.0 

uA 

Input  Capacitance 

C,n 

" 

_ 

_ 

5.0 

7.5 

_ 

pF 

Quiescent  Current  (AL  Device) 

1 00 

5.0 

5.0 

0005 

50 

150 

uA 

(Per  Package)  V;„  =  0  or  Vrjo. 

10 

10 

0.010 

10 

300 

'out  "  0  "A 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

'DO 

5.0 

20 

0.005 

20 

150 

«A 

(Per  Package)  Vj„  »  0  or  Vqq. 

10 

40 

0.010 

40 

300 

lout  "  0  «A 

15 

80 

0.015 

80 

600 

Total  Supply  Current'  * T 

it 

5.0 

lj  '  (1.9  uA/kHzl  f  +  Iqd 

MA 

(Dynamic  plus  Ouiescent, 

10 

lT  =  (3.8jiA/kHz)  1  +  lDD 

Per  Packagel 

15 

lT  --  (5.7uA/kHz)  1+  lDD 

(Cl  =  50  pF  on  all  outputs,  all 

buffers  switching) 

'  lOW  ! 

Thigh 


-55°C  lor  AL  Device.  -40°C  for  CL/CP  Device. 
=  *125°C  for  AL  Oevice.  t25°C  for  CL/CP  Device. 


*  No,ise  immunity  specified  for  worst-case  input  combination. 
Noise  Margin  lor  both  "1"  and  "0"  level  = 
1.0  V  min  9  Vqq  =  5.0  V 
2.0  V  min®  VD0  "10  V 
2.5  V  min  @  Vqq  -15  V 


t  To  calculate  total  supply  current  at  loads  other  than  50  pF: 
IT<Cl>  =  It'SOpFI  +  3.5  x  10"3  ICL  -501  VDD( 
where:  lj  is  in  uA  (per  packagel.  Cl  in  pF.  Vqq  in  V, 
and  I  in  kHz  is  input  frequency. 
'  *  The  formulas  given  are  for  the  typical  characteristics 
only  at  25°C. 


FIGURE  1  -  DYNAMIC  POWER  DISSIPATION 
SIGNAL  WAVEFORMS 


Input  LE  and  RBI  low.  and  Inputs  D.  Bl  and  LT  high 

1  in  respect  tp  a  system  clock. 

All  outputs  connected  to  respocuvo  Cl  loads. 

20  ns  — 

—  20  ns 

/  90*4  \ 

1  "DO 

A,  B,  and  C 

/  50,1 \ 

|  1 
1—  21  ~*H 

50%  Duty  Cycle 

f—  VOH 

Any  Output 

■I  SO'.V 

V  L  v0L 
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SWITCHING  CHARACTERISTICS*  ICL    SOpF,  TA  25°CI 


All  Types 

VDD 

Characteristic 

Symbol 

Vdc 

Mm 

Typ 

Max 

Unit 

Outpul  Rise  Time    Segment  Outputs 

ni 

50 

40 

80 

10 

60 

15 

OK 

 50  

Output  Rise  Time     R BO  Output 

tTLH 



ns 

50 

960 

10 

240 

480 

15 

190 

380 

Output  Fait  Time-Segment  Outputs* 

tTHL 

ns 

'THL  "  I1  5  ns/pF)  C|_  +  50  ns 

50 

125 

250 

«THL  =  ,0-75  "s/pFI  Cl  +  37.5  ns 

10 

75 

<THL  "  ,0-55  ns/pFI  Cl  +  37.5  ns 

15 

65 

130 

Output  Fall  Time  -  RBO  Outputs 

'THL 

ns 

tTHL  "  '3.25  ns/pFI  Cl.  +  107.5  ns 

50 

270 

'THL  "  (1  -35  ns/pFI  C|_+  67.5  ns 

10 

135 

270 

'THL  "  '°-95  ns/pFI  Cl  +  62.5  ns 

15 

1 10 

220 

Propagation  Delay  Time— A,  B.  C.  D  Inputs' 

'PLH 

ns 

IPLH    10.40  ns/pF)  Cl  •  620  ns 

50 

640 

1280 

tpLH    (0  25  ns/pFI  Cl  '  237  5  ns 

10 

250 

500 

tpLH    10  20  ns/pFI  Cl  ♦  165  ns 

15 

175 

350 

tpHL    1'  . 3  ns/pF  I  Cj.  >  655  ns 

'PHL 

5.0 

720 

1440 

ns 

tpHL     10.60  ns/pF)  Cl  ♦  260  ns 

10 

290 

580 

tpHL    (0  35  ns/pFI  Cl  *  182  5  ns 

15 

200 

400 

Propagation  Delay  Time— RBI  and  Bl  Inputs" 

'PLH 

ns 

tpLH  "  <1-0S  ns/pF)  Cl  +  547.5  ns 

50 

600 

750 

<PLH  "  '0-45  ns/pFI  Cl+  177.5  ns 

10 

200 

300 

«PLH  "  10.30  ns/pFI  Cl  +  135  ns 

15 

150 

220 

tpHL    10.85  ns/pF)  Cl  *  442  5  ns 

IPHL 

50 

485 

970 

ns 

tpHL    10.45  ns'pFI  Cl  *  177.5  ns 

10 

200 

400 

tPHL  ■  !0.35ns/pF)CL  *  142  5  ns 

15 

160 

320 

Propagation  Delay  Ti'me-CT  Input* 

'PLH 

ns 

tpLH    10 45  ns/pFI  Cl  *  290.5  ns 

5.0 

313 

625 

IPLH    l°  35  ns;pFI  Cl  ♦  112.5  ns 

10 

125 

250 

tpLH    10  20  ns/pF)  Cl  «  80  ns 

15 

90 

180 

tpHL    11  3  ns/pFI  CL  »  248  ns 

'PHL 

50 

313 

625 

ns 

tpHL     10.45  ns/pFI  Cl  *  102.5  ns 

10 

125 

250 

IPHL    (0.35  ns/pFI  Cl  •  72  5  ns 

15 

90 

180 

Setup  Time 

«SU 

50 

100 

ns 

10 

40 

15 

30 

Hold  Time 

'h 

50 

60 

ns 

10 

40 

15 

30 

Latch  Enable  Pulse  Width 

<VVL(LEI 

50 

520 

260 

ns 

10 

220 

110 

15 

130 

65 

'The  formulas  given  are  for  the  typical  characteristics  only. 
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FIGURE  2  -  DYNAMIC  SIGNAL  WAVEFORMS 


o.  Data  Propagation  Oalay:  Inputs  HBI,  O  and  LE  low,  and  Inputs  A,  B.  ST  ond  CT  high. 


r  .n 


Input  C 

tpLH— J 


— H  h» — 20  ns 
90%-U—  V°° 

so%y 

 !°*/|  v« 

(—  'PHL— J 


'~2  LlVoL 


vss 

—  VOH 


b.  Inputs  A.  8.  O  and  LE  low,  and  Inputs  RBI.  Bl  and  Uf  high 
20  ns— (—  -.-j 


Input  C 

*PLH- 
Output  I 


Jr — 20  ns 
„„»     J<  VDD 

SO*  J 
10%  J 


 vss 

- —  'PHL— "J 

V0H 


—  )™ — "T8" 

 /  '0%Pfc_vOL 

tTLH— J     —   tTHL  — J  I-  


c.  Setup  and  Hold  Times:  Input  RBI  and  D  low.  Inputs  A.  B,  5T  and  CT  high. 


20  ns— - 

jt  90S 

10% 

"DO 

VSS 

-V0D 

-VSS 
-V0H 

-vol 


d.  Pulso  Width:  Oata  DCBA  strobed  into  latches. 


1  1  — H  [— 20  ns 
20  ns-*-t    p»-      I  I 


90% 
50* 


i -I  u- 


-vdd 

-vss 
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CONNECTIONS  TO  VARIOUS  DISPLAY  READOUTS 


LIGHT  EMITTING  DIODE  ILEDI  READOUT 


VDD 


n 


Common 
Cathode  LED 


3 

: 

—  17  V 

vss 


INCANDESCENT  READOUT 
vOO  «OD 


FLUORESCENT  READOUT 


1—1 1— 


n 


1—1  I— • 


Oireci 

(Low  Brightness) 


■=  vss 


Filament 
Supply 


—  Vgg  or  appropriate 

voltage  below  Vgg. 


GAS  DISCHARGE  READOUT  LIQUID  CRYSTAL  (LC)  READOUT 


Excitation 

Appropriate  (Square  Wave. 

Vqd  Voltaoo  vOO  VsstoVDO) 


•  •A  filament  pre  warm  resistor  is  recommended  to  reduce  filament  Direct  dc  drive  of  LC's  not  recommended  lor  life  of  LC  readout*, 

thermal  shock  and  increase  the  effective  cold  resistance  of  the 
filament. 
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LOGIC  DIAGRAM 


TYPICAL  APPLICATIONS  FOR  RIPPLE  BLANKING 


LEADING  EDGE  ZERO  SUPPRESSION 


Connact  to 
VDO  III 


TTTTTTT 


RBI 
O  C 


•  9 
HBO 


TTTT 


TTTTTTT 


RBI 
O  C 


Input  0  0  0  0 
Cod*  ,., 


TTTT 

MC14513B 
0    0    0  0 
101 


TTTTTTT 


/  / 
/  / 


RBI 
O  C 


TTTT 

MC14513B 
0    10  1 
151 


TTTTTTT 


'  9 

RBI  RBO 
O    C    B  A 


TTTT 

MC14513B 
0    0    0  0 
101 


TTTTTTT 


'  9 

RBI  RBO 
D    C     B  A 


TTTT 

MC145I3B 
0    0     0  1 
111 


TTTTTTT 


a  9 

RBI  RBOj 
O  C 


TTTT 

MC14S13B 
0    0  11 
131 
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TYPICAL  APPLICATIONS  FOR  RIPPLE  BLANKING  IContl 


TRAILING  EDGE  ZERO  SUPPRESSION 


HEEL 

a  9 

■  RBO         rbi  ■ 

D   C    B  A 

tin 

MC14S13B 
0     10  1 

(SI 


/  / 
l_l 

TTTTTTT 

a  9 

■  RBO  RBI 
O    C    B  A 


till 

MC14513B 
0     0    0  0 

(01 


TTTTTTT- 

a  9 

RBO  RBI 
O    C    B  A 


TTTT 

MC14513B 
0    0    0  1 
III 


TTTTTTT 

a  9 

RBO  RBI 
O    C     B  A 

till 

UC14S13B 
0     0  11 

(31 


HIIHI 

a  9 

RBO  RBI 
O    C    0  A 


TTTT 

MC14S13B 
0     0     0  0 

.01 


ttttttt 

a  g 

Connect  io 

RBO  RBI 

O    C     B  A 

VOD  m 

1     t     t  t 

MC14S13B 

0    0     0  0 

101 

Inpul  Code 
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MOTOROLA 


MC14514B 
MC14515B 


4-BIT  TRANSPARENT  LATCH/4-T0-1  6  LINE  DECODER 

The  MC145148  and  MC14515B  are  two  output  options  of  a  4  to 
16  line  decoder  with  latched  inputs.  The  MC14514B  (output  active 
high  option)  presents  a  logical  "1"  at  the  selected  output,  whereas 
the  MC14515B  (output  active  low  option)  presents  a  logical  "0"  at 
the  selected  output.  The  latches  are  RS  type  flip-flops  which  hold 
the  last  input  data  presented  prior  to  the  strobe  transition  from  "  1 " 
to  "0".  These  high  and  low  options  of  a  4-bit  latch/4  to  16  line  de- 
coder are  constructed  with  N  channel  and  P-channel  enhancement 
mode  devices  in  a  single  monolithic  structure.  The  latches  are  R  S 
type  flip-flops  and  data  is  admitted  upon  a  signal  incident  at  the 
strobe  input,  decoded,  and  presented  at  the  output. 

These  complementary  circuits  find  primary  use  in  decoding  appli- 
cations where  low  power  dissipation  and/or  high  noise  immunity  is 
desired. 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  M05I 

4-BIT  TRANSPARENT  LATCH/4-T0-1  6 
LINE  DECODER 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  vss) 


Symbol 

Parameter 

Valua 

Unit 

VOD 

DC  Supply  Vollago 

-0.5  to  +  IS  O 

V 

Vin.  Voul 

Input  or  Output  Voltago  (DC  Of  Transient) 

-0.5  to  VD0  +0.5 

V 

'in-  'out 

Input  or  Output  Curront  (DC  or  Transient),  per  Pin 

-10 

mA 

PD 

Power  Dissipation,  por  Packaget 

500 

mW 

Ts1q 

Storage  Temperature 

-65  to  -  150 

•c 

*L 

Load  Temperature  (8-Socond  Soldering) 

260 

•c 

'Maximum  Ratings  are  thoso  values  beyond  which  damage  to  tho  device  may  occur. 
tTemperalure  Derating:  Plastic  "P"  Package:  -  12mW/"C  (rom  65'C  to  85aC 

Ceramic  "L"  Packago:  -12mW/"C  from  100°C  to  125'C 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  623 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  709 


ORDERING  INFORMATION 

A  Series:  -  55'C  to  -125*C 
MC14XXXBAL  (Ceramic  Packago  Only) 

C  Series:  -40*C  to  +B5°C 
MC14XXXBCP  (Plastic  Packagol 
MC14XXXBCL  (Ceramic  Packago) 


BLOCK  DIAGRAM 

VOD-  Pin  14 
Vss -Pin  'I 


Dan  J 1 
□all  3  ( 
Out.  *  C 


3  rransBarer 


SIO 
S11 
517 
£13 


ABCD 
ABCD 
"  BCD 
AilCD 
ABCD 

a  I  c  5 
a  a  c  o 

ABCD 
ABCD 

aBEd 

A  B  C  D 

a  e  c  o 

ABCD 
-ABCD 
SldHf-OABC  D 
SIS 


i£-OAB 


C  D 


DECODE  TRUTH  TABLE  (Strobe  =  !)■ 


DATA  INPUTS 

SELECTED  OUTPUT 

MC14514  -  Logic  "  r- 

INHIBIT 

D 

C 

B 

A 

MC14515  -  Logic 

0 

0 

0 

0 

0 

so 

0 

0 

0 

0 

SI 

□ 

0 

0 

S2 

0 

0 

0 

S3 

0 

0 

1 

S4 

0 

0 

1 

S5 

0 

0 

1 

S6 

0 

0 

1 

S? 

0 

a 

S8 

0 

0 

SO 

0 

0 

S10 

0 

0 

St  1 

a 

i 

S12 

0 

i 

S13 

0 

i 

S14 

0 

i 

S15 

i 

X 

X 

X 

X 

All  Outputs  -0.MC14S14 

All  Outputl  -  1.MCI4515 

X  "  Oon'i  Care 

'Strobe  =  0,  Data  is  latched 
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ELECTRICAL  CHARACTERISTICS  (Voitagos  Referenced  to  vsg) 


vdd 

T|cV 

2S°C 

Th 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage              "0"  Level 

vOL 

5.0 

0.05 

0 

0.05 

_ 

0.05 

Vdc 

vin  "  vDO  or  0 

10 

0.05 

q 

0.05 

_ 

0.05 

15 

0.05 

0 

0.05 

- 

0.05 

"1"  Level 

VOH 

S.O 

4.95 

435 

5.0 

4.95 

_ 

Vdc 

Vj„-0orVDD 

10 

9.95 

9.95 

10 

9.95 

- 

15 

14.95 

14.95 

15 

14.95 

- 

Input  Voltage                    "0"  Level 

V|L 

Vdc 

IV0-4  5of  0.5  Vdcl 

S.O 

1.5 

2.25 

1 .5 

_ 

1.5 

(V0  -  9.0  or  1.0  Vdc) 

10 

3.0 

4.50 

3.0 

3.0 

(Vq-  13.5  or  1.5  Vdc) 

IS 

4.0 

6.75 

4.0 

- 

4.0 

"I"  Level 

V)H 

Vdc 

IV0  -  OS  or  4.S  Vdc) 

5.0 

3S 

3.5 

2.75 

_ 

3.6 

- 

(V0  ■  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

- 

<V0*  1.5  or 13S  Vdc) 

IS 

11.0 

_ 

11.0 

B.25 

11.0 

- 

Output  Drive  Current  (AL  Device) 

!OH 

mAdc 

IV0H  -  2.6  Vdc)  Source 

5.0 

—1.2 

-1.0 

-1.7 

-0.7 

- 

(V0H  •  4.6  Vdd 

5.0 

-0.25 

-0.2 

-0.36 

-0.14 

- 

(V0H"95Vdc) 

10 

-0.62 

_ 

-0.5 

-oa 

_ 

-0.35 

- 

<V0H  -  133  Vdc) 

IS 

-1.8 

_ 

-1.5 

-3 .8 

- 

-1.1 

- 

IV0L  *  0.4  Vdc)  Sink 

'OL 

S.O 

0.64 

_ 

0.51 

0.88 

_ 

0.36 

- 

mAdc 

|V0L  -  0.5  Vdc) 

10 

ye 

- 

1.3 

2.25 

- 

03 

- 

IVqu"  1.6  Vdc) 

IS 

A2 

- 

3.4 

8.8 

- 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

<OH 

mAdc 

(Vqh  ■  2.5  Vdc)  Source 

5.0 

-1.0 

- 

-0.8 

-1.7 

- 

-0.6 

l\ t        .  -  j|  e  i  r  jMl 

Ivq^i  ■  *».o  vaci 

5.0 

-0.2 

- 

•0.16 

-0.36 

- 

-0  12 

Ivqh    »,D  vocp 

-0.5 

- 

-0.4 

-0.9 

- 

-0  3 

iw...  B  *i  e  \tfir>\ 
l"OH    UJ*  vocj 

15 

-1.4 

— 

-1.2 

-3.5 

-1.0 

(Vql  "  0.4  Vdc)  Sink 

'OL 

5.0 

0.52 

- 

0.44 

0.88 

0.36 

mAdc 

iw..  ■  n  •»  uHfi 

|VQ^      U,9  VOC) 

10 

1.3 

- 

1.1 

2.25 

- 

0.9 

fVjta    1  1  K  UHfl 
l"QL      •  «W  VoCI 

15 

3.6 

3.0 

8.B 

2.4 

Input  Current  (AL  Device) 

'in 

15 

10.1 

10  00001 

10.1 

11.0 

jiAdc 

Input  Current  (CL/CP  Device) 

■in 

IS 

- 

103 

10.00001 

10.3 

- 

11.0 

uAdc 

Input  Capacitance 

c,„ 

— 

_ 

50 

7.5 

- 

- 

pF 

(Vin  -  0) 

Quiescent  Current  (AL  Device) 

■OD 

5.0 

5.0 

0.005 

5.0 

- 

ISO 

nAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.016 

20 

600 

Quiescent  Current  (CL/CP  Devico) 

'DD 

S.O 

20 

0.005 

20 

150 

wAdc 

(Por  Package) 

10 

40 

o.oto 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current  *  *  t 
(Dynamic  plus  Quiescent, 

"T 

5.0 
10 

IT«I1-3S  uA/kHtlf  ♦  |00 
IT  =12-70  uA/kHl)  1  ♦  lDD 

(.Adc 

Per  Package) 

15 

«T  "(4.05  uA'kHtl  1  ♦  IQD 

(C(_  •  50  pF  on  all  outputs,  ail 

bullers  Switching) 

*Tlow"  -  5S*C  for  AL  Device,  -  40*0  lor  CL/CP  Dovlco.  tTo  calculate  total  supply  current  at  loads  othor  Irian  50  pF: 

Thiflh  "  + 1 2S*C  lor  AL  Dovlco,  +  65*C  for  CL/CP  Dovlco. 

It(Cl)  -  'T<50  pF)  +  (CL  -  50)  Vtk 

#Data  labollod  "Typ"  Is  not  to  bo  used  for  design  purposes  but  is 
Irttondod  as  an  indication  of  tho  IC's  potential  porformanco.  whore:  It's  in  |iA  (por  packago).  CiJnpF.  V  -  (Vod_vss)  ln  vo,t8- 

f  In  kHz  Is  Input  frequoncy.  and  k  -  0.002. 

"Tho  formulas  givon  ero  for  tho  typical  characlerlstlcs  only  at  25*C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltagas  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
Impedance  circuit.  For  proper  operation,  V|n  and  Vout  should  ba  constrained  to 
the  range  Vgg  «  (V|„  or  Vout)  a  Vdd- 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g., 
either  Vgs  or  Vdd)-  Unused  outputs  must  be  left  open. 
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SWITCHING  CHARACTERISTICS*  (CL  -  50  pF,  TA  -  26°CI 


ADTypai 

Ctiacactarittic 

Symbol 

VDD 

Mln 

Typ# 

Max 

Unit 

Output  Rin  Time 

<TLH  ■  13.0  ns/pF)  C|_  ♦  30  ns 
«TLH  -  11 JS  iw/pFi  Cl  +  16  ns 
«TLH  -  11.1  m/pFI  CL  + 10  ns 

«TLH 

50 
10 
16 

- 

160 
90 
66 

360 
180 
130 

nt 

Output  Fill  Tbiw 

<THL  "  I'-6  ns/pF)  Cl  +  26  ns 
<THL  "  (0-75  ns/pFI  Cl  ♦  US  ra 
«THL  "  10.66  ra/pF)  Cl  ♦  9.6  n» 

«THl 

6.0 
10 
16 

- 

100 
60 
40 

200 
100 
80 

ns 

Propagation  Da  lay  Ttma;  Data,  Stroba  to  8 
VLH.  •PHL  "       ns/pFI  Cl  +  468  ns 
tpLH,  tpHL  *  <0.66  ns/pF)  Cl  +  192  tu 
tPLH.  tpHL  "  V)S  ns/pF)  Cl  +  '26  m 

«PLH. 
«PHL 

6.0 
10 
IS 

- 

660 
225 
160 

1100 
460 
300 

ns 

Inhibit  Proposition  Dtlay  Timn 

•PLM.VHL  "       ns/pFI  Cl  + 315  ns 
t|>LH- tpHL  "  (0.66  ns/pF)  Cl  ♦  1 17  n» 
tpLH.  tpHL  "  ,0-5  «*/PF'  Cl  +  76  ra 

«PLH. 
«PHL 

6.0 
10 
16 

- 

400 
160 
100 

800 
300 
200 

nt 

Setup  Tbra 
Data  to  Strobo 

<u 

5.0 
10 
16 

260 
100 
76 

125 
SO 
38 

nt 

Hold  Tim* 
Strobo  to  Data 

th 

5.0 
10 
IS 

-20 
0 
10 

-100 
-«0 

-30 

na 

Stroba  Puln  Width 

<WH 

5.0 
10 
15 

350 
100 
76 

175 
60 
38 

ns 

The  formulae  given  aio  tor  tht  typical  eharteterlstlce  only  at  25"C.  #Data  labelled  "Typ"  la  not  to  bo  used  for  doalan  purpose  a  but  Is 

intended  as  an  Indication  of  tho  IC'a  potential  performance. 


FIGURE  1  -  DRAIN  CHARACTERISTICS  TEST  CIRCUIT 


For  MC14S14B 

1.  For P -channel:  Inhibit"  Vjjg 
and  Ol—  D4  constitute 
binary  coda  for  "output 
under  tatt." 

2.  For  N -channel:  Inhibit  -  VDD 


VOD 


SO 

Stroba 

SI 

S2 

S3 

Inhibit 

S4 

01 

SO 

ss 

s? 

SB 

t>2 

S9 

S10 

03 

S11 

S12 

S13 

D4 

S14 

sis 

ForMC14S1BB 

1.  For  P-chennel:  Inhibit  -  VDq 

2.  For  N -channel:  Inhibit  ■  Vfjs 
and  D1-D4  constitute  binary 
coda  for  "output  under  teat." 
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FIGURE  2  -  DYNAMIC  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORM 


000  J;  0.01  (|F 
jlF    \  Ceramic 


Putt* 
Generator 


01 

SO 

02 

03 

D4 

Strobe 

Inhibit 

SIS 

1CL 


*cL 


90X 
10* 


H20ra 
Voo 

-V8S 


FIGURE  3  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 

?«0D 


Proflremeble  |. 
PulM 
Generator 


Strobe 

SO 
SI 

Inhibit 

01 

Ol 

03 

D4 

SIS 

— O  Output  80 
— O  Output  SI 


«TLH 


I 


-O  Output  SIS 


«TLH 


»TML 


PIN  ASSIGNMENT 


1 

ST 

voo 

=124 

2 

C= 

Ol 

Inn 

ZD  23 

3 

C= 

D2 

04 

=3  22 

4 

C= 

S7 

03 

=321 

s 

cz 

S6 

S10 

=320 

6 

SB 

S11 

=319 

7 

c= 

S4 

S8 

=316 

8 

S3 

S9 

=317 

9 

SI 

S14 

=316 

10 

S2 

SIS 

=318 

11 

c= 

SO 

S12 

=314 

12 

VSS 

S13 

=313 
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COMPLEX  DATA  ROUTING 


Two  MC14612  light-channel  data  selectors  ere  used  here  with 
the  MC14S148  four-bit  latch/decoder  to  effect  •  complex  data 
routing  system.  A  total  of  16  inputs  from  data  registers  are  selec- 
ted and  transferred  via  a  3-state  data  bus  to  a  data  distributor  for 
rearrangement  end  entry  into  16  output  registers.  In  this  way 
sequentiel  data  can  be  re-routed  or  intermixed  according  to  patterns 
determined  by  data  select  end  distribution  inputs. 

Data  is  placed  into  the  routing  scheme  vie  the  eight  inputs  on 
both  MC14512  data  selectors.  One  register  is  assigned,  to  each 
input.  The  signals  on  AO,  A1.  and  A2  choose  one  of  eight  inputs 
for  transfer  out  to  the  3-staee  data  bus.  A  fourth  signal,  labelled 
Ois,  disables  one  of  the  MC14512  selectors,  assuring  transfer  of 
data  from  only  one  register. 

In  addition  to  a  choice  of  input  registers.  1  thru  16.  the  rate  of 
transfer  of  the  sequential  information  can  also  be  varied.  That  is. 
if  the  MC14S12  were  addressed  at  a  rate  that  is  eight  times  faster 


than  the  shift  frequency  of  the  input  registers,  the  most  significant 
bit  (MSB)  from  each  register  could  be  selected  for  transfer  to  the 
data  bus.  Therefore,  ell  of  the  most  significant  bits  from  all  of  the 
registers  can  be  transferred  to  the  data  bus  before  the  next  most 
significant  bit  is  presented  for  transfer  by  the  input  registers. 

Information  from  the  3 -state  bus  is  redistributed  by  the 
MC14S14B  four-bit  latch/decoder.  Using  the  four-bit  address.  D1 
thru  04.  the  information  on  the  inhibit  line  can  be  transferred  to 
the  addreiiad  output  line  to  the  desired  output  registers,  A  thru  P. 
This  distribution  of  data  bits  to  the  output  registers  can  be  made 
in  many  complex  patterns.  For  example,  all  of  the  most  significant 
bits  from  the  input  registers  can  be  routed  into  output  register  A, 
ell  of  the  next  most  significant  bits  into  register  B,  etc.  In  this 
way  horizontal,  vertical,  or  other  methods  of  data  slicing  can  be 
implemented. 


DATA  ROUTING  SYSTEM 


Data 

Select  ' 


Input 
Registers 


Register  t 


Data 
Trenslar 


3-Stata 
Data  Bus 


Data 

Distribution 


Register  0 


 !  

Register  16 


00 

Ols 

a 

Dl 

D2 

r* 

03 

Z 

04 

u 

DS 

D6 

m 

AO  Al  A2 

AO  A1  A2 

DO  a 
Ol 

02  m 
D3  » 
D4  Z 
OS  5 
OS 
07 


Dl  02  D3  04 

so 

Strobe 

St 

S2 

S3 

S4 

ss 

ffl 

ss 

S7 

u 

SS 

s 

S9 

sto 

sit 

S12 

S13 

Inhibit 

S14 

SIS 

Output 
R«gi»t*rs 


R*gltW  A 


 I  

Rtgitttr  P 
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BINARY  UP/DOWN  COUNTER 

The  MC14516B  synchronous  up/down  binary  counter  is  constructed 
with  MOS  P-channel  and  N-channel  enhancement  mode  deivces  in  a 
monolithic  structure. 

This  counter  can  be  preset  by  applying  the  desired  value,  in  binary, 
to  the  Preset  inputs  (PO.  PI.  P2,  P3)  and  then  bringing  the  Preset 
Enable  (PE)  high.  The  direction  ot  counting  is  controlled  by  applying  a 
high  (tor  up  counting)  or  a  low  (for  down  counting)  to  the  UP  DOWN 
input.  The  slate  of  the  counter  changes  on  the  positive  transition  of 
the  clock  input.   

Cascading  can  be  accomplished  by  connecting  the  Carry  Out  to  the 
Carry  In  of  the  next  stage  while  clocking  each  counter  in  parallel.  The 
outputs  (QO.  Q1.  02,  03)  can  be  reset  to  a  low  state  by  applying  a 
high  to  the  reset  (R)  pin. 

This  CMOS  counter  finds  primary  use  in  up/down  and  difference 
counting.  Other  applications  include:  (1)  Frequency  synthesizer  appli- 
cations where  low  power  dissipation  and/or  high  noise  immunity  is  de- 
sired. (2)  Analog-to-digital  and  digital-to-analog  conversions, 
and  (3)  Magnitude  and  sign  generation. 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Internally  Synchronous  for  High  Speed 

•  Logic  Edge-Clocked  Design  -  Count  Occurs  on  Positive  Going 
Edge  of  Clock 

•  Single  Pin  Reset 

•  Asynchronous  Preset  Enable  Operation 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schottky  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Voltages  Referenced  lo  VS£) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  10  +  18  0 

V 

V,n.  Vou, 

Input  or  Output  Vollago  (DC  or  Transiont) 

-0.5  to  Vqq  -0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

r10 

mA 

PD 

Powor  Dissipation,  per  Packaget 

500 

mW 

Tstq 

Slorago  Temperaturo 

-65  to  +  150 

•c 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
fTemperature  Derating:  Plastic  "P"  Package:  -  12mW/*C  Irom  65°C  to  85'C 

Ceramic  "L  '  Package:  -  12mW/*C  from  100°C  to  125*C 


TRUTH  TABLE 


Carry  In 

Up  Down 

Preset 
Enable 

Reset 

Clock 

Action 

1 

X 

0 

0 

X 

No  Count 

0 

1 

0 

0 

Count  Up 

0 

0 

0 

0 

Count  Down 

X 

X 

1 

0 

X 

Presel 

X 

X 

X 

1 

X 

Reset 

X  =  Don't  Caro 


Note:  When  counting  up,  tho  Carry  Out  signal  is  normally  high  and  is  low  only  when 
QO  through  Q3  are  high  and  Carry  In  is  low  Whon  counting  down.  Carry  Out  is 
low  only  when  QO  through  03  and  Carry  In  arc  low 


MC14516B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOS) 

BINARY  UP/DOWN  COUNTER 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE        PLASTIC  PACKAGE 
CASE  620  CASE  64B 


ORDERING  INFORMATION 

A  Sonos:  -  55*C  to  +  12S'C 

WC 14XXXBAL  (Coramic  Package  Only) 

C  Sories:  -40'C  to  *  85'C 
MC14XXXBCP  {Plashc  Package) 
MC14XXXBCL  (Ceramic  Packago) 


BLOCK  DIAGRAM 


PE 

Qg 

S 

5  0  

Carry  In 

9  O  

Reset 

Q1 

11 

10  0  

Up  Pn*n 

IS  o  1 

Clock 

-j: 

14 

4  o  

PO 

120  

PI 

03 

tao— 

P2 

30  

W  5uT 

 o 

7 

V0D       Pin  16 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  Vjn  and  V0U(  should  be 
constrained  to  the  range  V53  ^  (Vjn  or 
Vout>  <  VDD. 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vgg 
or  Vdd).  Unused  outputs  must  be  lelt  open. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  10  Vss) 


vdd 

Ttow" 

25'C 

TV  , 

■hi 

□n" 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Min 

Typ  # 

Max 

Mln 

Max 

Unit 

Output  Voltage 

"0"  Level 

Vql 

5.0 

0.05 

Vdc 

Vfn  =  Vqd  or  0 

10 

005 

g 

0.05 

— 

0.05 

15 

0.05 

o 

0.05 

— 

0.05 

"1"  Level 

Voh 

5.0 

4.95 

4.95 

5.0 

4.95 

Vdc 

Vjn  =  0  or  Vdd 

10 

9.95 

9  95 

10 

9.95 



15 

14  95 

14.95 

15 

14.95 

— 

Input  Voltage 

"0"  Level 

Vn 

Vdc 

(Vo  =  4.5  or  0.5  Vdc) 

5.0 

— 

1.5 

— 

2.25 

1.5 

1.5 

(Vo  =  9.0  or  1.0  Vdc) 

to 

— 

3.0 

— 

4.50 

3.0 

3.0 

(Vo  =  13.5  or  1.5  Vdc) 

15 

— —  

6  75 

4  0 



4.0 

"1"  Level 

Vim 

Vdc 

(Vo  =  0-5  or  4.5  Vdc) 

5.0 

3.5 

— 

3.5 

2.75 

— 

3.5 

(Vo  =  1  0  or  9.0  Vdc) 

10 

7  0 

7  0 

5.50 

7.0 

_ 

(Vo  -  1.5  or  13.5  Vdc) 

15 

1 1.0 

11.0 

8.25 

11.0 

— 

Output  Drive  Current  (AL  Device) 

'OH 

mAdc 

(Voh  -  2-5  Vdc) 

Source 

5.0 

-3.0 

— 

-2.4 

-4.2 

— 

- 1.7 

(Voh  =  4.6  Vdc) 

5.0 

-0.64 

-0.51 

-0.88 

-0.36 

(Voh  =  9-5  Vdc) 

10 

- 1.6 

- 1 .3 

—  2.25 

-0.9 



(Voh  -  us  vdc) 

15 

-4.2 

-3.4 

—8.8 

-2.4 

— 

(vol  =  o-4  vdc) 

Sink 

tni 

5.0 

0.64 

0.51 

0.88 

0.36 

mAdc 

(Vol  -  0.5  vdc) 

10 

1.6 

1.3 

2.25 

0.9 



(Vol  =  i  s  vdc) 

15 

4.2 

— 

3.4 

8.8 

— 

2.4 

- 

Output  Drive  Current  (CUCP  Device) 

'OH 

mAdc 

(Voh  =  2  5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

-1.7 

(Voh  -  4.6  Vdc) 

5  0 

-0.52 

— 

-0.44 

-0.88 

— 

-0.36 

(Voh  =  9-5  vdc) 

10 

- 1.3 

- 1.1 

-2.25 

-0.9 

(Voh  -  '3  5  vdc) 

15 

-3.6 

-3.0 

-  8.8 

-2.4 



(Vol  =  0.4  vdc) 

Sink 

Ism 

'OL 

50 

0.52 

— 

0.44 

0.88 

— 

0.36 

mAdc 

(Vol  =  0.5  vdc) 

to 

1.3 

1.1 

2.25 

0.9 

(Vol  -  i  s  vdc) 

15 

3.6 

3.0 

8.8 

2.4 

_ 

Input  Current  (AL  Device) 

'in 

— 

±0.1 

±0.00001 

±0.1 

±1.0 

uAdc 

Input  Current  (CL/CP  Device) 

■in 



15 

— 

±0.3 

±0.00001 

±0.3 

— 

±1.0 

/iAdc 

Input  Capacitance 

Cin 

— 

5.0 

7.5 

— 

— 

pF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

'do 

5.0 

5.0 

0.005 

5.0 



150 

MAdc 

(Per  Package) 

10 

10 

0.010 

10 



300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

Idd 

5.0 

20 

0.005 

20 

ISO 

fxAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Cunenf't 

it 

5.0 

Ij  =  (0.58  fiA/kHz)  1  +  lDD 

jiAdc 

(Dynamic  plus  Quiescent, 

10 

IT  =  (1.2(iA*HZ)l  +  lDD 

Per  Package) 

15 

it  -  (i.7Ma*hz)  (  +  Idd 

(C|_  =  50  pF  on  all  outputs. 

all  butlers  switching) 

*Tlow  -  -  S5*C  (or  AL  Dovlco.  -  40*C  lor  CL/CP  Oovlco. 
Thigh  "  *  '2S*C  for  AL  Device,  -»-  S5*C  for  CUCP  Device. 

#Data  Isbollod  "Typ"  Is  not  to  be  used  tor  dosign  purposes  but  Is 
intended  as  an  indication  of  the  IC's  potontfaf  performance. 

"The  formulas  given  aro  tor  tho  typical  characteristics  only  at  25*C. 
tTo  calculato  total  supply  current  at  loads  other  lhan  50  pF: 

lT(CL)  -  lT(50pF)  <■  <CL  -50)Vlk 

where:  It  is  In  »»A  (poi  package).  CL  In  pF,  V  -  tvDD  -  Vgg)  in  volts, 
f  in  kHz  is  Input  frequency,  and  k  «  0.001 . 


PIN  ASSIGNMENT 

 v-f  


P6 
Q3 
P3 
P0 


VD0 
C 
Q2 
P2 

PI 

Q1 

Carry  Out  LVD 


Carry  In 
QO 


I  16 
I  15 
I  14 
I  13 
I  12 
I  11 
I  10 
I  9 
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SWITCHING  CHARACTERISTICS'  (CL-50  pF,  TA-2S'C) 


All  Types 

Ch  aractorl  •tic 

Symbol 

V0D 

Mln 

Typm 

Max 

Unit 

Output  Rise  and  Fall  Time 

'TLH, 

ns 

*TUH.  *THL™C'S  ni/pF)  Cl+25  ns 

'THL 

5.0 

— 

100 

200 

*TLH<  tTHL"*0-75  n8/PF)  Cl+  12.5  ns 

10 

*TLH»  *THL ™ ns/pF)  C|_+B.5  ns 

15 

_ 

40 

80 

Propagation  Delay  Time 

IPLH 

ns 

Clock  to  O 

*PHL 

tpLUt  ^PHL  m  0»7  ns/pF)  Cl  +  230  ns 

5  0 

— 

315 

630 

toi  u.  toui  ■  10  B6  ns/oFi  Ci   +  97  ns 

10 

— 

130 

260 

'PLH.  tpHL  "  (°  5  ns/pF)  CL  +  75  ns 

15 

100 

200 

Clock  to  Cwy  Out 

'PLH, 

ns 

tpLH*  ^PHL  m  (^*7  ns/pF)  Cj^  +  230  ns 

*PHL 

50 

— 

315 

630 

toi  u.  toui   ™  (0.66  ns/oFI  Ci   4-  97  ns 

10 

— 

130 

260 

tpLH.  tpHL  "  (°  s  ns/pF)  C|_  +  75  ns 

15 

— 

100 

200 

Carry  (n  to  Carry  Out 

'PLH, 

ns 

*PLHf  »PHL                      /  vi   t  no 

*PHL 

5  0 

— 

180 

360 

tp|.H*  IpHL  "  (0.66  ns/pF)  C|_  +  97  ns 

10 

fPLKi  fPHL  "  (°-5  n8/PF)  C|_  +  75  ns 

15 

60 

120 

Preset  or  Reset  to  Q 

*PLH 





ns 

tPLHi  *PHL  *"  0*7  ns/pF)  C|.  +  230  ns 

'PHL 

5.0 

315 

630 

'PLH-  (PHL  "  t0S6  ns/pF)  C|.  +  97  ns 

10 



130 

360 

(PLH»  *PHL  "  (0-5  ns/pF)  C|_  +  75  ns 

15 

— 

100 

200 

Preset  or  Reset  to  Carry  Out 

■PLH, 

ns 

tpLH>  *PHL  "  (1-7  ns/pF)  C|_  +  465  ns 

'PHL 

5.0 

— 

550 

1100 

tni        tnui    m  Ifl  tUt  rMt/ftPs  fit          10.9  no. 
ipLn*  ™HL       \v.vw  iw|ir/     1    »  ivfi 

— 

225 

450 

15 

150 

300 

Reset  Putse  Width 

'w 

5.0 

380 

1B0 

— 

ns 

10 

200 

100 

— 

160 

80 

Clock  Putse  width 

<WH 

5.0 

350 

200 

— 

ns 

10 

170 

100 

— 

15 

140 

75 

Clock  Putse  Frequency 

'cl 

5.0 

— 

3.0 

1.5 

MHz 

10 

— 

6.0 

3.0 

1 5 

8.0 

4.0 

Preset  or  Reset  Removal  Time 

'rem 

5.0 

650 

325 

— 

ns 

The  Preset  or  Reset  signal  must  bo  low  prior  to  a 

10 

230 

115 

— 

positive-going  transition  of  the  clock. 

15 

160 

80 

Clock  Rise  and  Fall  Time 

'TLH. 

5.0 

— 

— 

15 

US 

'THL 

— 

— 

5 

1 5 

4 

Setup  Time 

■su 

5.0 

260 

130 

— 

ns 

Carry  In  to  Clock 

10 

120 

60 

— 

15 

100 

50 

Hold  Time  

•h 

5.0 

0 

-60 

— 

ns 

0 1  DC k  to  Carry  In 

10 

20 

-20 

— 

j  5 

20 

0 

— 

Setup  Time 

•su 

5.0 

500 

250 

— 

ns 

Up/Down  to  Clock 

200 

100 

— 

15 

150 

75 

Hold  Time 

<h 

5.0 

-70 

-160 

— 

ns 

Clock  to  Up/Down 

-10 

-60 

— 

15 

0 

-40 

Setup  Timo 

■su 

5.0 

-40 

-120 

ns 

Pn  to  PE 

10 

-30 

-70 

15 

-25 

-50 

Hold  Time 

'h 

5.0 

480 

240 

ns 

PE  to  Pn 

10 

420 

210 

15 

420 

210 

Preset  Enable  Pulse  Width 

<WH 

5.0 

200 

100 

ns 

10 

100 

50 

15 

80 

40 

"Tno  formulas  glvon  aro  lor  the  typical  characteristics  only  at  Z5*C. 
#Data  tabollod  "Typ"  li  not  to  bo  usod  for  dostgn  purposes  but  ti 
tntondod  as  an  indication  of  tho  IC's  potential  performance. 
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FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORM 


LOGIC  DIAGRAM 


Enabla 


Carry  Out    7  o- 


Carry  In  S  o— •-<{]>— £>» 
Up/Oown  10o— —£>>—<£> 


TOGGLE  FLIP-FLOP 
Parallal  In  o  . 


C 

T  Q 


FLIP-FLOP  FUNCTIONAL  TRUTH  TABLE 


PRESET 
ENABLE 

CLOCK 

T 

Qn+1 

1 

X 

X 

Parallal  In 

0 

0 

On 

0 

1 

5„ 

0 

X 

On 

X  -  Don't  Car* 
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FIGURE  2  -SMUTCHING  TIME  WAVEFORMS 


Pimm  Enable 


Qq  or  Carry  Out 


'w(H)-       C    «w(H)  ""■ 


90* 
10* 


«THL  — t 


Cafrv  Out  only 


—        IPIH  — 


r  i 

-    50%  - 

1 


"■'PHL 


—  »TLH 


•  vss 

•  vOD 

•Vss 

■Vss 
'  Vqh 

vol 


•v8s 


PIN  DESCRIPTIONS 


INPUTS 

PO,  P1,  P2,  P3,  Preset  Inputs  (Pins  4, 12, 13, 3)  — 

Data  on  these  inputs  Is  loaded  into  the  counter  when  PE  is 
taken  high. 

Carry  In,  (Pin  51  —  This  active-low  Input  is  used  when 
cascading  stages.  Carry  In  is  usually  connected  to  Carry 
Out  of  the  previous  stage.  While  high,  Clock  Is  inhibited. 

Clock,  (Pin  15)  —  Binary  data  is  incremented  or 
decremented,  depending  on  the  direction  of  count,  on  the 
positive  transition  of  this  input. 

OUTPUT8 

00,  Q1 ,  Q2,  Q3,  Binary  outputs  (Pins  8, 1 1 , 1 4, 2) — 

Binary  data  Is  present  on  these  outputs  with  QO  corre- 
sponding  to  the  least  significant  bit. 

carry"  out.  (Pin  7)  —  Used  when  cascading  stages, 
Carry  Out  is  usually  connected  to  Carry  In  ol  the  next 
stage.  This  synchronous  output  is  active  low  and  may  also 
be  used  to  indicate  terminal  count. 


CONTROLS 

PE,  Preset  Enable,  (Pin  1)  —  Asynchronously  loads 
data  on  the  Preset  Inputs.  This  pin  is  active  high  and  in- 
hibits the  clock  when  high. 

R,  Reset,  (Pin  9)  —  Asynchronously  resets  the  Q  out- 
puts to  a  low  state.  This  pin  is  active  high  and  inhibits  the 
clock  when  high. 

Up/Down,  (Pin  10)  —  Controls  the  direction  of  count, 
high  for  up  count,  low  for  down  count. 

SUPPLY  PINS 

Vss.  Negative  Supply  Voltage,  (Pin  8)  —  This  pin 
Is  usually  connected  to  ground. 

Vqd>  Positive  Supply  Voltage,  (Pin  16)  —  This  pin 
Is  connected  to  a  positive  supply  voltage  ranging  from  3.0 
volts  to  18.0  volts. 
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FIOURE  3  —  PRE8ETTABLE  CASCADED  8-BIT  UP/DOWN  COUNTER 


ProMt 

Erabto 
O  ■  Count 


OO 

PE 


03 
Cout 


Clock 

U/O 

R 

PO 


L.S.O. 
MC14B16B 


^AAr^1  AAAq  1  '^AA^  '  ^AAf| 


PO  .     PI   .     PZ   .  P3-. 


.v0D 

Thumb  wh*«1  Switch** 
(Dp*n  for  "0") 


Op«n  ■  Count 


□a 

Ol  Q2 

Q3 

PE 

coul 

Clock 

M.S.O. 

MC14S16B 

U/O 

R 

PO 

PI  P» 

P3 

V 


1  'Wirt    "w>|    '  y  w  >|  nnn^ 


_Termln&l  Count 
Indicator 


♦vDo 

RMifltorf  -  10  ktl 


Note:  The  Least  Significant  Digit  (L.S.D.)  counts  from  a  preset  value  once  Preset  Enable  (PE)  goes  low. 
The  Most  Significant  Digit  (M.S.D.)  is  disabled  while  Sjjj  Is  high.  When  the  count  of  the  L.S.D.  reaches  0 
(count  down  mode)  or  reaches  15  (count  up  mode),  Cjiut  goes  low  for  one  complete  clock  cycle,  thus 
allowing  the  next  counter  to  decrement/increment  one  count.  (See  Timing  Diagram)  The  L.S.D.  now 
counts  through  another  cycle  (15  clock  pulses)  and  the  above  cycle  is  repeated. 
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FIGURE  4  —  PROGRAMMABLE  CASCADED  FREQUENCY  OIVIOER 


oo 

Ol  Q2 

OS 

PE 

<=i„ 

Cout 

Clock 

LSD. 

MC14616B 

U/O 

R 

PO 

PI  P2 

P3 

'  -WV]    «WVj_  ■Wq 

P2 


-pa 


Clock  (tin) 


♦VOD  t_ 

Opan  ■  Count 


♦voo 


Thumbwti««l  SwitchM 
(Op»n  (or  "0") 


01  02 

03 

PE 

Cool 

Clock 
U/0 

M.S.O. 
MC148183 

rpo 

PI  PI 

P3 

'  ^rW|  '  ^<W|     ■*>rW|  <\rW[ 


^  ^7  f 


♦vDo 

Resistors  -  10  kft 


Note:  The  programmable  frequency  divider  can  be  set  by  applying  the  desired  divide  ratio,  in  binary,  to  the  preset  inputs. 
For  example,  the  maximum  divide  ratio  ot  255  may  be  obtained  by  applying  a  1 1 1 1  1111  to  the  preset  inputs  PO  to  P7.  For 
this  divide  operation,  both  counters  should  be  configured  in  the  count  down  mode.  The  divide  ratio  of  zero  is  an  undefined 
state  and  should  be  avoided. 
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DUAL  64-BIT  STATIC  SHIFT  REGISTER 

The  MC14517B  dual  64-bit  static  shift  register  consists  of  two 
identical,  independent,  64-bit  registers.  Each  register  has  separate 
clock  and  write  enable  inputs,  as  well  as  outputs  at  bits  16,  32,  48, 
and  64,  Data  at  the  data  input  is  entered  by  clocking,  regardless 
of  the  state  of  the  write  enable  input.  An  output  is  disabled  (open 
circuited)  when  the  write  enable  input  is  high.  During  this  time, 
data  appearing  at  the  data  input  as  well  as  the  16-bit,  32-bit,  and 
48-bit  taps  may  be  entered  into  the  device  by  application  of  a  clock 
pulse.  This  feature  permits  the  register  to  be  loaded  with  64  bits  in 
16  clock  periods,  and  also  permits  bus  logic  to  be  used.  This  device 
is  useful  in  time  delay  circuits,  temporary  memory  storage  circuits, 
and  other  serial  shift  register  applications. 

•  Diode  Protection  on  All  Inputs 

•  Fully  Static  Operation 

•  Output  Transitions  Occur  on  the  Rising  Edge  of  the  Clock  Pulse 

•  Exceedingly  Slow  Input  Transition  Rates  May  8e  Applied  to  the 
Clock  Input 

•  3-State  Output  at  64th  Bit  Allows  Use  in  Bus  Logic  Applications 

•  Shift  Registers  of  any  Length  may  be  Fully  Loaded  with  16 
Clock  Pulses 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Scholtky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS  'Voltages  referenced  loVss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  to  *  18.0 

V 

^in-  V0U( 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  VDD  ■>  0.5 

V 

'in-  'out 

Input  or  Output  Current  (OC  or  Transient),  per  Pin 

-  10 

mA 

PD 

Power  Dissipation,  per  Packagef 

500 

mW 

tsio 

Storage  Temperature 

-65  to  *  150 

X 

TL 

Load  Temperature  (8-Second  Soldering) 

260 

■c 

'Maximum  Ratings  are  thoso  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Packago:  -  12mW7*C  from  B5"C  to  85'C 

Ceramic  "L"  Package:  -  i2mW/'C  from  100'C  to  t25'C 


MCH517B 


CMOS  LSI 

(LOW-POWER  COMPLEMENTARY  MOS) 


DUAL  64-BIT  STATIC 
SHIFT  REGISTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Serios:  -55'Cto  -125'C 
MC14XXXBAL  (Ceramic  Package  Only] 

C  Series:  -  40*C  to  +  85°C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Packaga) 


PIN  ASSIGNMENT 


FUNCTIONAL 
TflUTH  TABLE 


X  -  Dan  tCai 


CLOCK 

WRITE 
ENABLE 

DATA 

16-BIT  TAP 

32-BIT  TAP 

48-BIT  TAP 

64  BIT  TAP 

0 

0 

X 

Con  tint  of  16-Blt 
Diiplayed 

Contant  of  32-Bit 
Displayed 

Content  of  48-Bit 
Displayed 

Content  of  64-Bit 
Displayed 

0 

1 

X 

High  Imptdmci 

High  Impedance 

High  Impedance 

High  Impedance 

1 

0 

X 

Conttnt  of  16- Bit 
Display  ed 

Content  of  32-Bit 
Displayed 

Content  of  48-Blt 
Displayed 

Content  of  64-Blt 
Displayed 

1 

1 

X 

High  Impedance 

High  Impedance 

High  Impedence 

H  Igh  Impedance 

J~ 

0 

into  1ft  Bit 

Content  of  16- Bit 
DitplivBd 

Contant  of  32-Bit 
Displayed 

Content  of  48-Blt 
Displayed 

Content  of  64-Blt 
Displayed 

1 

Data  entered 

into  Ut  Bit 

Data  at  tap 
entered  into  1 7-Bit 

Data  at  tap 
entered  into  33-Bit 

Data  at  tap 
entered  Into  49-Blt 

High  Impedence 

0 

X 

Content  of  16-Blt 
Displayed 

Content  of  32-Bit 
Displayed 

Content  of  48-Blt 
Displayed 

Content  of  64-Blt 
Dleplayed 

1 

X 

High  Impedance 

High  Impedance 

High  Impedence 

High  Impedance 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


vdd 

Vdc 

w 

zs*c 

Thl 

Characteristic 

Symbol 

ftOn 

Max 

Attn 

Tva  4 

Max 

Mln 

Max 

Unit 

Output  Voltage 
Vin  =  Vqd  Of  0 

"0"  Level 

VOL 

5.0 
10 
IS 

0.05 
0.05 
0.05 

0 
0 
0 

0.05 
0.05 
O.OS 

0.05 
0.05 
0.05 

Vdc 

Vjn  =  0  or  Vdd 

"1"  Level 

voh 

5.0 
10 
15 

4.95 
9.95 
14.95 

4.95 
9.95 
14.95 

5.0 
10 
15 

4.95 
9.95 
14.95 

Vdc 

Input  Voltage 
(Vo  ■  4.5or0.5VrJc) 
(Vo  =  9.0  or  t.O  Vdc) 
(Vo  =  13.5  Of  T.5  Vdc) 

"0"  Level 

V(L 

5.0 
10 
15 

- 

1.5 
3.0 
4.0 

- 

2.25 
4.50 
6.75 

1.5 
3.0 
4.0 

1.5 
3.0 
4.0 

Vdc 

(Vo  -  0.5  Of  4.5  Vdc) 
(Vo  -  1.0  or  9.0  Vdc) 
(Vo  -  1.5  or  13.5  Vdc) 

"1"  Level 

VlH 

5.0 
10 
15 

3.5 
7.0 
11.0 

- 

35 
7.0 
11.0 

2.75 
5.50 
8.25 

- 

3.5 
7.0 
11.0 

Vdc 

Output  Drive  Current  (AL  Device) 
(VoH  -  2-5  Vdc) 
(Voh  -  4.6  Vdc) 
(Voh  =  9.5  Vdc) 
(Voh  ■  13.5  Vdc) 

Source 

"OH 

5.0 
5.0 
10 
15 

-3.0 
-0.64 
-1.6 
-4.2 

- 

-2.4 
-0.51 
-1.3 
-3.4 

-4.2 
-0.88 
-2.25 
-8.8 

- 

-1.7 
-0.36 
-0.9 
-2.4 

- 

mAdc 

(vol  ■  0.4  vdc) 
(Vol  -  0.5  vdc) 
(Vol  - 1.5  voc) 

Sink 

<OL 

5.0 
10 
15 

0.64 
1.6 
4.2 

— 


0.51 
1.3 
3.4 

0.68 
2.25 
8.8 

— 
_ 

0.36 
0.9 
24 

— 

mAdc 

Output  Drive  Current  (CL/CP  Device) 
(Voh  =  2.5  Vdc)  Source 
(Voh  =  4.6  Vdc) 
(Voh  =  9.5  Vdc) 
(VOH  -  13.5  Vdc) 

kDH 

5.0 
5.0 
10 
15 

-2.5 
-0.52 
-1.3 
-3.6 



-2.1 
-0.44 
-1.1 
-3.0 

-4.2 
-0.B6 
-2.25 

-8.8 

- 

-1.7 
-0.36 
-0.9 
-2.4 

- 

mAdc 

(Vol  =  0.4  Vdc) 
(Vol  »  os  voc) 
(Vol  =  i  s  vdc) 

Sink 

IOL 

5.0 
10 
15 

0.52 
1.3 
3.6 



0.44 
1.1 

3.0 

0.68 
2.25 
8.8 

- 

0.36 
0.9 
2.4 

— 

mAdc 

Input  Current  (AL  Device) 

'In 

15 

±0.1 

±0.00001 

±0.1 

±1.0 

fiAdc 

Input  Current  (CL/CP  Device) 

'In 

15 

±0.3 

±0.00001 

±0.3 

±1.0 

itMc 

Input  Capacitance 
<Vm  =  0) 

Ctn 

5.0 

7.5 

pF 

Quiescent  Current  (AL  Device) 
(Per  Package) 

IDD 

5.0 
10 
15 

5.0 
10 
20 

0.005 
0.010 
0.015 

5.0 
10 
20 

ISO 
300 
600 

pAdC 

Quiescent  Current  (CL/CP  Device) 
(Per  Package) 

IDD 

5.0 
10 
15 

20 
40 

80 

0.005 
0.010 
0.015 

20 
40 
80 

150 
300 
600 

jiAOC 

Total  Supply  Current"! 
(Dynamic  plus  Quiescent. 
Per  Package) 

(Cl  =  50  pF  on  all  outputs, 
all  butlers  switching) 

IT 

5.0 
10 
15 

tT  -  (4.2  pA/kHz)  1  +  IDD 
IT  -  (8.8  uA/kHz)  1  +  IDD 
IT  -  (13.7fiA/kHz)f  +  IDD 

MAdc 

Three-State  Leakage  Current 
(AL  Device) 

hi 

15 

±0.1 

±0.00001 

±0.1 

±3.0 

pAdc 

Three-State  Leakage  Current 
(CL/CP  Device) 

ITL 

15 

±1.0 

±0.00001 

±1.0 

±7.5 

pAdc 

'Tlow"  -55*C  for  AL  Dovlco.  -40*C  for  CL/CP  Dovlco. 
Thigh"  +  125'Ctor  AL  Dovlco.  -tSS'C  for  CL/CP  Dovlco. 

#Data  labollod  "lyp"  Is  not  to  bo  used  for  design  purposes  but  Is 
Intondod  as  sn  Indication  of  the  IC's  potential  porformsneo. 

"Tho  formulas  given  aro  for  tho  typEcsl  characteristics  only  at  2S'C. 

tTo  calculate  total  supply  current  at  loads  othor  than  SO  pF: 

ITICL)  -  lT(50pF)  ♦  (CL  -50)  VU 

whoro:  It  la  In  u.A  (par  package).  In  pp.  V  -  (Vpr}-  Vgg)  in  volts, 
f  tn  kHx  Is  Input  frequency,  and  k  *  0.004. 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  ol 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  Vtn  and  V0U|  should  be 
constrained  to  the  range  Vss  *  (vin  or 
Vout)  *  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vqd).  Unused  outputs  must  be  left  open. 
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SWITCHING  CHARACTERISTICS*  (Cl  =  50  pF,  Ta  »  25°C)  . 


Characteristic 

Symbol 

VDD 

Min 

Typ# 

Max 

Unit 

Output  Rise  find  Fall  Time 

tTLH.  <THL 

ns 

5.0 

100 

200 

•TLH.  tTHL  "  (0-75  ns/pF)  Cl  +  12-5  ns 

10 



50 

100 

ITLH.  *TKL  =  (0-5S  ns/pF)  Cl  +  9-5  ns 

15 

_ 

40 

80 

Propagation  Delay  Time 

lrLH'  lrnL 

tPLH-  <PHL  -  0-7  ns/pF)  Cl  +  390  ns 

5.0 



475 

770 

IPLH.  tPHL  "         ns/pF)  Cl  +  177  ns 

10 

210 

300 

'PLH.  'PHL  =  (0.5  ns/pF)  Cl  +  115  ns 

15 

— 

140 

215 

Clock  Putee  Width 

<WH 

5.0 

330 

170 

_ 

ns 

10 

125 

75 



15 

100 

60 

— 

Clock  Pulse  Frequency 

'cl 

5.0 



3.0 

1.5 

MHz 

10 

_ 

6.7 

4.0 

15 

— 

8.3 

5.3 

Clock  Pulse  Rise  and  Fall  Time 

•TLH.  tTHL 

5.0 

10 

"See  Note 

15 

Data  to  Clock  Setup  Time 

>su 

5.0 

0 

-40 

ns 

10 

10 

-15 



15 

15 

0 

— 

Data  to  Clock  Hold  Time 

th 

5.0 

150 

75 

ns 

10 

75 

25 

15 

35 

10 

Write  Enable  to  Clock  Setup  Time 

<su 

5.0 

400 

170 

ns 

10 

200 

65 

15 

110 

50 

Write  Enable  to  Clock  Release  Time 

•rel 

5.0 

380 

160 

ns 

10 

180 

55 

15 

100 

40 

*  The  formulas  given  are  for  the  typical  characteristics  only  at  25°C. 

#  Data  labelled  "Typ"  is  not  lo  be  used  for  design  purposes  but  is  intended  as  an  indication  of  the  IC's  potential  performance. 
**  When  shift  register  sections  are  cascaded,  the  maximum  rise  and  fall  time  of  the  clock  input  should  be  equal  to  or  loss  than  the  rise  and 
fall  time  of  tho  data  outputs,  driving  data  inputs,  plus  tho  propagation  delay  of  the  output  driving  stage. 
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FIGURE  2  -  TYPICAL  OUTPUT  SOURCE  CURRENT  FIGURE  3  -  TYPICAL  OUTPUT  SINK  CURRENT 

CHARACTERISTICS  TEST  CIRCUIT  CHARACTERISTICS  TEST  CIRCUIT 

"out  "  VOH  V°"'  "  VOL 


(Output  balng  tattad  Ihould  b.  In  tha  hign-loglc  natal.  (Output  Ming  tattad  tnould  ba  In  th.  low  logic  iwtl. 


FIGURE  4  -  AC  TEST  WAVEFORMS 


-H'WH 


IS  bit  output  1(18) 

1 7 -bit  Input 

<tu1 

32-  btt  output  6  (tOI 

33-  blt  Input 


48-  blt  output  2  114) 

49-  blt  Input 


64-blt  output  S()1> 


ji  -H 

"J 


S.1I 


<hi 


<»t  —1  K-  -- 


^^JU  J0  n.-J  fcr' tp„L — 


•««lOr         „  fHt—        —  -— 

i.  »l/-vOO— I  J—  — V 


»«TLH— J  1—tTHL 
Vqm 


1THL 


-«|  f-«TLH  1THL 


EXPANDED  BLOCK  DIAGRAMId/2  OF  DEVICE  SHOWN) 


Oauo—  


o  o 

C  1 


o  a 

C  16 
3-SUM 


O  Q 
C  17 
WE 


o  a 

HC  32 
3-6  Tata 


Wrlto  Enabta  -  0.  18-bit  output  ,  > 
Writ*  Enabl*  -  1,  17-blt  Input 


D  Q 
C  33 
WE 


o  o 

C  48 
3-Stata 


32-  blt  output  , 

33-  blt  Input 


o  a 

C  48 
WE 


-vss 

-VDO 

-vss 
-v00 

-«ss 

-VOD 

-«ss 


c  64  ah 

3-Stan 


48-  blt  output  ! 

49-  blt  input 


64-blt  output 
High  Impadanca 
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MOTOROLA 


DUAL  UP  COUNTERS 

The  MC14518B  dual  8CD  counter  and  the  MC14520B  dual  bi- 
nary counter  are  constructed  with  MOS  P-channel  and  N-channel 
enhancement  mode  devices  in  a  single  monolithic  structure.  Each 
consists  of  two  identical,  independent,  internally  synchronous  4- 
stage  counters.  The  counter  stages  are  type  D  flip-flops,  with  inter- 
changeable Clock  and  Enable  lines  for  incrementing  on  either  the 
positive-going  or  negative-going  transition  as  required  when  cascad- 
ing multiple  stages.  Each  counter  can  be  cleared  by  applying  a  high 
level  on  the  Reset  line.  In  addition,  the  MC14518B  will  count  out  of 
all  undefined  states  within  two  clock  periods.  These  complementary 
MOS  up  counters  find  primary  use  in  muJti-stage  synchronous  or 
ripple  counting  applications  requiring  low  power  dissipation  and/or 
high  noise  immunity. 


Diode  Protection  on  All  Inputs 

Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

Internally  Synchronous  for  High  Internal  and  External  Speeds 

Logic  Edge-Clocked  Design  -  Incremented  on  Positive  Transition 

of  Clock  or  Negative  Transition  on  Enable 

Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  (he  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Voltages  Reforenced  to  V55) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltago 

-0.5  to  -  18.0 

V 

Vin.  Vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-  0  5  to  VDD  +  0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

i  10 

mA 

Pd 

Power  Dissipation,  per  Packagot 

500 

mW 

Tsin 

Storage  Temperature 

-65  to  +150 

•c 

H 

Load  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur, 
fTemperature  Derating:  Plastic  "P"  Package:  -  i2mW/"C  from  65°C  to  85'C 

Ceramic  "L"  Package:  -  12mW/"C  Irom  100°C  to  125°C 


TRUTH  TABLE 


CLOCK 

ENABLE 

RESET 

ACTION 

-T 

1 

□ 

Increment  Counter 

0 

0 

Increment  Coulter 

X 

0 

No  Change 

X 

0 

No  Change 

0 

0 

No  Change 

i 

□ 

No  Change 

X 

X 

1 

Q0  thru  Q3  -  0 

X  -  Don't  Care 


MC14518B 
MC14520B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOS) 

DUAL  BCD  UP  COUNTER 
(MC14518B) 
DUAL  BINARY  UP  COUNTER 
(MC14520B) 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Sotios:  -55°C10  +125"C 
MC14XXXBAL  (Coramic  Package  Only) 

C  Senos:     40°C  to  -  85'C 

MC 14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 


TO  O 
EnnUlo 


15C- 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation.  Vjn  and  V0U(  should  be 
constrained  to  the  range  V5S  ^  (Vjn  or 
Vout)  *  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vgs 
or  Vrjo).  Unused  outputs  must  be  left  open. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Relorenced  to  Vss) 


Vdd 

W 

25*C 

Thlqh* 

Characteristic 

Symbol 

Vde 

Mln 

Max 

Kin 

Typ# 

Max 

Mln 

Max 

Unit 

Output  Voltage                       "0"  Level 

vol 

5.0 

— 

0.05 

— 

0 

0.05 

— 

0.05 

Vdc 

vin  -  VDD  <"  0 

10 

— 

0.05 

— 

0 

0.05 

— 

0.05 

15 

- 

0.05 

— 

0 

0.05 

— 

0.05 

"1"  Level 

voh 

5.0 

4.95 



4.95 

5.0 



4.95 



Vdc 

Vin  =  0  or  VrjD 

10 

9.95 

— 

9.95 

10 

— 

9.95 

- 

15 

14.95 

— 

14.95 

15 

— 

14.95 

— 

Input  Voltage                        "0"  Level 

V|L 

Vdc 

<Vo  =  4.S  or  0.5  Vdc) 

5.0 

1.5 

2.25 

1.5 



1.5 

(Vo  -  9.0  or  1.0  Vdc) 

10 



3.0 



4.50 

3.0 



3.0 

(Vo  -  13.5  or  1.5  Vdc) 

15 

— 

4.0 

— 

6.75 

4.0 

— 

4.0 

"1"  Level 

VlH 

Vdc 

(Vq  =  0.5  or  4.5  Vdc) 

5.0 

3.5 



3.5 

2.75 



3.5 

— 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

- 

7.0 

5.50 

— 

7.0 

— 

(Vo  =  1.5  or  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 

— 

11.0 

— 

Output  Drive  Current  (AL  Device) 

lOH 

mAdc 

(Voh  -  2.5  Vdc)  Source 

5.0 

-3.0 

-2.4 

-4.2 



-1.7 



fvQH  =  4.6  Vdc) 

5.0 

-0.64 



-0.51 

-0.88 



-0.36 



(Voh  =  9.5  Vdc) 

10 

-1.6 

- 

-1.3 

-2.25 

- 

-0.9 

— 

(VOH  =  13.5  Vde) 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

— 

(Vol  =  0.4  Vdc)  Sink 

'OL 

5.0 

0.64 



0.51 

0.88 



0.36 



mAdc 

(Vol  =  0.5  vdc) 

10 

1.6 

- 

1.3 

2.25 

- 

0.9 

- 

(Vol  ■  i  s  vdc) 

15 

4.2 

3.4 

8.8 

2.4 

Output  Drive  Current  (CUCP  Device) 

lOH 

mAdc 

(Voh  =  2.5  Vdc)  Source 

5.0 

-2.5 

-2.1 

-4.2 

-1.7 

(Voh  =  4.6  Vdc) 

50 

-0.52 

-0.44 

-0.88 

-0.36 

(Voh  =  a  s  vdc) 

10 

-1.3 

— 

-1.1 

-2.25 

— 

-0.9 

— 

(VOH  =  '3.5  Vdc) 

15 

-3.6 

— 

-3.0 

-8.8 

— 

-2.4 

— 

(Vol  -  0.4  Vdc)  Sink 

"OL 

5.0 

0.52 

0.44 

0.88 

0.36 

_ 

mAdc 

(Vol  -  0.5  vdc) 

10 

1.3 

_ 

1.1 

2.25 

— 

0.9 

— 

(Vol  =  i  s  vdc) 

15 

3.6 

— 

3.0 

8.8 

— 

2.4 

— 

Input  Current  (AL  Device) 

tin 

15 

±0.1 

±0.00001 

±0.1 

±1.0 

fiAdc 

Input  Current  (CUCP  Device) 

<!n 

15 

±0.00001 

±0.3 

±1.0 

jiAdc 

Input  Capacitance 

Cin 

— 

— 

5.0 

7.5 

— 

— 

pF 

(Vin  -  0) 

Quiescent  Current  (AL  Device) 

IDD 

5.0 

_ 

5.0 

0.005 

5.0 

— 

150 

**Adc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

>DD 

5.0 

20 

0.005 

20 

150 

MAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Curtenft 

IT 

5.0 

IT  =  (0.6  pA/kHz)  1  +  IDD 

*tAdc 

(Dynamic  plus  Quiescent, 

10 

IT  -  (1.2(iA(kHz)f  +  lDD 

Per  Package) 

15 

IT  =-  <1.7,iA*Hz)f  +  lOD 

(C|_  =  50  pF  on  all  outputs, 

an  buffers  switching) 

*Ttow"  -55*C  tor  AL  Dovico,  -40'C  lor  CL/CP  Dovico.  fTo  calculate  total  supply  curront  at  loads  othor  than  SO  pF: 

Thlgh"  ♦  125"C  for  AL  Dovico,  +  BS'C  for  CL/CP  Oovtce. 

IT4CL)  =  lT(50pF)  +  <CL  -50)Vtk 

#Data  labotlad  "Typ"  is  not  to  bo  used  tor  design  purposes  but  fs 
irttonded  as  on  indication  of  the  (C's  potential  performance,  where:  I7  Is  in  jiA  (per  packago).  CL  in  pF.  V  -  <  Vqo  "  VSS> in 

1  in  kHz  Is  Input  frequency,  and  k  -  0.002. 

"Tho  formulas  given  are  tor  tho  typical  characteristics  only  at  2S*C. 


PIN  ASSIGNMENT 


 <-r 

1 

cA 

vOO 

16 

2 

EA 

"B 

15 

3 

Q0A. 

Q3B 

14 

4 

°1A 

Q2B 

13 

S 

Q2a 

Q1e 

12 

6 

Q3A 

Q0B 

11 

7 

CZ 

"A 

E6 

10 

8 

VSS 

CB 

9 
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SWITCHING  CHARACTERISTICS*  (CL  -  to  pF.  TA  -  2B°CI 


AN  Types 

Charactartetlc 

Symbol 

MEn 

Twa  # 

Mix 

Unit 

^f., _4  Bl«  aiui  Ball  TIha 

uuTpui  him  ana  riii  Tina 

*TLH' 

*THL 

8.0 

100 

200 

tTLH*  'THL  °  (0.75  ns/pF)       +  12.5  n* 

10 

50 

100 

*TLH-  *THL  °  i0*35  ns/pP)  Cl  +  0.5  r» 

IB 

40 

80 

tPLH* 

 Rt  

dock  to  Q/Enabt*  to  Q 

'PHL 

fni  u  tnui  *  11  7  m/nFt  Ci  +  91fi  m 

8.0 

280 

660 

tPLH*  tDHL  "  (0*^6  rWpF)  C|_  +  97  M 

10 

1 16 

230 

tPLH*  tPHL  "  (0J$  ru/pF)      +  76  nt 

IB 

B0 

160 

Raaat  to  Q 

'PHL 

fit 

<PHL  "       M/pFI  C|.  ♦  268  in 

B.0 

330 

650 

t|>HL  "  (0-66  nl/pF)  C[_  +  1 17  ra 

10 

1441 

tpHi.  •  (0.66  m/pF)  Cl  ♦  98  n» 

15 

90 

170 

Clock  PutM  Width 

*w(H) 

8.0 

m 

nt 

*w(L) 

1.0 

Dv 

IB 

70 

36 

Clock  Pu!m  Frtqutncy 

'd 

6.0 

2.8 

1a 

MHt 

10 

6.0 

J.U 

16 

B.0 

4.0 

Clock  or  Entslt  RlM  and  Fall  Tim* 

6.0 

~ 

" 

1  5 

Mi 

10 

5 

16 

4 

EntbtoPulw  Width 

<WHIEI 

6.0 

440 

220 

rts 

10 

200 

100 

16 

140 

70 

Rum  Puln  Width 

tWHIRI 

6j0 

280 

125 

R» 

10 

120 

86 

16 

90 

40 

Raul  R.movil  Tim. 

'rem 

S.0 

-S 

-45 

no 

10 

15 

-15 

15 

20 

-5 

"Tho  formulas  phr-cn  are  for  the  typical  characteristics  only  at  25*C- 


#Data  labelled  "Typ"  la  not  to  be  used  for  design  purposes  but  is 
Intended  as  an  Indication  of  tho  IC'a  potential  performance. 


FIGURE  1  -  POWER  DISSIPATION  TEST 
CIRCUIT  AND  WAVEFORM 
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FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


Pula* 
G«n«f«tor 


FIGURE  3  -  TIMING  DIAGRAM 


Clock. 


__U1U1UI"I 
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FIGURE  4  -  DECADE  COUNTER  (MC14S1CB)  LOGIC  DIAGRAM 
11/2  OF  DEVICE  SHOWN) 
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FIGURE  8  -  BINARY  COUNTER  IMC14520B)  LOGIC  DIAGRAM 
(1/2  OF  DEVICE  SHOWN) 
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4-BIT  AND/OR  SELECTOR 
or 

QUAD  2 -CHANNEL  DATA  SELECTOR 
or 

QUAD  EXCLUSIVE  "NOR"  GATE 

The  MC14519B  is  constructed  with  MOS  P-channel  and  N-channel  en- 
hancement mode  devices  in  a  monolithic  structure.  These  complementary 
MOS  logic  gates  find  primary  use  where  low  power  dissipation  and/or  high 
noise  immunity  is  desired. 

This  device  provides  three  (unctions  in  one  package;  a  4-Bit  AND/OR 
Selector,  a  Quad  2-Channel  Data  Selector,  or  a  Quad  Exclusive  NOR 
Gate. 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  ot  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Plug-In  Replacement  for  CD4019  in  Most  Applications 


Control 
Inpun 


[  B  14 


InpuW 


*°  6=  

YO     t  0  


va    3  c- 


X3  ISC- 


x> 


¥3    i  e— 


vss 


'  Pin  16 

■  Pin  e 


MC14519B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOSI 

4-BIT  AND/OR  SELECTOR 


L  SUFFIX 
CERAMIC  PACKAGE 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  SoMos:  -  55'C  lo  -t-125'C 

MCI4XXXBAL  (Coramic  Packago  Only) 

C  Sorlos:  -  40'C  lo  *  BS'C 
MCI4XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Coramic  Packago) 


TRUTH  TABLE 


CONTROL  INPUTS 

OUTPUT 

zn 

A 

B 

0 

0 

0 

0 

1 

*n 

1 

0 

*n 

1 

1 

Xn  ®  »n 

OT.: 

Xn  ®  Yn  moant  X„  IE xcluiivo  NOR )  Y„ 
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MAXIMUM  RATINGS*  (Voltages  Holorenced  to  Vss) 


Symbol 

Par&matar 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.6  to  +18.0 

V 

Vfn.  Voul 

Input  or  Output  Voltage  (OC  or  Transient) 

-0.5  to  Vdd  +0.5 

V 

'in'  'out 

Input  or  Output  Currant  (DC  or  Transient),  per  Pin 

±10 

mA 

PD 

Power  Dissipation,  per  Packagot 

500 

mW 

T»tq 

Storage  Temperature 

-65  10  +150 

•c 

TL 

Lead  Temperature  (B'Second  Soldering) 

200 

•c 

'Maximum  Ratings  aro  those  values  beyond  which  damage  to  the  device  may  occur. 
♦Temperature  Derating:  Plastic  "P"  Packago:  -  12mWrVC  Irom  65-C  to  85*C 

Ceramic  "L"  Packago:  -12mWVC  Irom  100-C  to  125*C 


PIN  ASSIGNMENT 


ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


vdd 

flow" 

25-C 

■hi 

qh 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Unit 

Output  Voltage 

"0"  Level 

Vol 

5.0 

0.05 

o 

0.05 

— 

0.05 

Vdc 

Vln  -  Vdd  ™  o 

10 

0.05 

o 

0.05 

— 

0.05 

15 

0.05 

o 

0.05 

— 

0.05 

"1"  Level 

voh 

5.0 

4.95 

— 

4.95 

5.0 

4.95 

Vdc 

Vjn  -  OotVqq 

10 

9.95 

9.95 

10 

9.95 



15 

14.95 

14.95 

15 

14.95 

— 

Input  Voltage 

"0"  Level 

V|L 

Vdc 

(Vo  =  4.5or0.5Vdc) 

5.0 

1.5 

2.25 

1  5 



1.5 

(Vo  -  9.0or1.0Vdc) 

10 

— 

3.0 

— 

4.50 

3.0 

— 

3.0 

(V0  =  13.5  or  1.5  Vdc) 

15 

4.0 

— 

6.75 

4.0 

— 

4.0 

"1"  Level 

VlH 

Vdc 

(Vo  -  0.5  or  4.5  Vdc) 

5  0 

3  5 

— 

3.5 

2.75 

— 

3  5 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

(Vo  =  1.5  or  13.5  Vdc) 

15 

1 1.0 

11.0 

8.25 

11.0 



Output  Drive  Current  (AL  Device) 

'oh 

mAdc 

(Voh  =  25  Vdc) 

Source 

5.0 

-3.0 

— 

-2.4 

-4.2 

- 1.7 

(Voh  -  4.6  Vdc) 

5.0 

-0.64 

-0.51 

-0.88 

-0.36 



(Voh  =  9-5  Vdc) 

10 

-1.6 

- 1.3 

-2.25 

-0.9 



(VOH  =  13.5  Vdc) 

15 

-4.2 

-3.4 

-8.8 

-2.4 

_ 

(Vol  =  o.4  vdc) 

Sink 

lOL 

5.0 

0.64 

— 

0.51 

0.88 

0.36 

_ 

mAdc 

(Vol  =  o-s  vdc) 

10 

1.6 

— 

1.3 

2.25 

0.9 



(Vol  -  1.5  vdc) 

15 

4.2 

— 

3.4 

8.8 

2.4 



Output  Drive  Current  (CL/CP  Device) 

lOH 

mAdc 

(Voh  ■  2-5  Vdc) 

Source 

5.0 

-2.5 

-2.1 

-4.2 

- 1.7 

(Voh  -  4.6  Vdc) 

5.0 

-0.52 

-0.44 

-0.68 

-0.36 

(Voh  =  9.5  vdc) 

10 

-1.3 

-1.1 

-2.25 

-0.9 

(Voh  -  13.5  vdc) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

(Vol  -  0.4  vdc) 

Sink 

"OL 

5.0 

0.52 

0.44 

0.88 

0.36 

mAdc 

(vol  -  o.s  vdc) 

10 

1.3 

1.1 

2.25 

0.9 

(Vol  -  i  s  vdc) 

15 

3.6 

3.0 

8.8 

2.4 

Input  Current  (AL  Device) 

'in 

15 

±0.1 

±0.00001 

±0.1 

±1.0 

MAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

±0.3 

±0.00001 

±0.3 

±1.0 

tiAdc 

Input  Capacitance 

Qn 

5.0 

7.5 

pF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

'DO 

5.0 

5.0 

0.005 

5.0 

150 

MAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

■do 

5.0 

20 

0.005 

20 

150 

MAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

60 

0.015 

SO 

600 

Total  Supply  Currcnt"t 

it 

5.0 

rr  -  (1.2/iA/kHz)1  +  loo 

MAdc 

(Dynamic  plus  Quiescent, 

10 

Ij  =  (2.4  /lAWte)  t  +  IDD 

Per  Package) 

15 

lj  -  (3.6  fiA/kHz)  f  +  Idd 

(Cl  -  50  pF  on  ail  outputs, 

ad  buffers  switching) 

*Tlow  *  ~  55*C  for  AL  Dovico.  -  40*C  tor  CL/CP  Device.  tTo  calculate  total  supply  currant  at  loads  othor  than  50  pF. 

Thlgh  "  + 1 25*C  lor  AL  Dovico.  +  85*C  for  CL/CP  Dovico. 

IT(CL)  -  IjtSOpP)  +  (CL  -50)Vfk 

#Data  taboltod  "Typ"  Is  not  to  bo  used  for  doslgn  purposes  but  is 
Intondod  as  an  Indication  of  tho  IC's  potontlal  performance.  whoro:  Ij  is  in  uA  (per  package).  C|_  in  pF.  V  -  (Vqq- Vgg)  In  volts. 

f  in  kHz  is  input  frequency,  and  k  =  0-004. 

"Tho  formulas  given  aro  for  tho  typical  characteristics  only  at  25*C. 
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SWITCHING  CHARACTERISTICS*   ICL  ■  50  PF,  TA  ■  2S°C> 


Chsrtct«rrslic 

Symbol 

VDD 

Min 

Typf 

Max 

Unit 

Output  Rise  and  Fall  Time 

*TLH* 

nt 

'TLH.  'THL  -  <1S  ns/pF)  CL  +  25  ns 

'THL 

6.0 

100 

200 

tjLH.  Ijhl  "  (0.7S  na/pF)  Cl  +  12.5  ns 

10 

50 

100 

*TLH-  *THL  "  t°-ss  na/pF)  Cl  +  9.5  ns 

15 

40 

SO 

Propagation  Dolay  Time 

«PLH. 

ns 

<PLH,«PHL  "  H.7  m/pF)CL+  166  hi 

«PHL 

6.0 

250 

600 

»PLH.  <PHL  "  'O-6*  ni/pFI  Cl  +  82 

10 

116 

225 

'PLH.  «PHL  "  (0-5  n«/pF|  Cl  +  65  m 

16 

90 

166 

'The  formulas  (jJvon  oro  lor  tho  typical  characteristics  only  at  2S*C.  #Data  labelled  "Typ"  Is  not  to  bo  usod  lor  design  purposes  but  is 

intended  as  an  indication  of  tho  (C's  potontlal  porformanco. 
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TYPICAL  CIRCUIT  APPLICATIONS 


DATA  REGISTER  SELECTION  COMPARISON 


Clock  Ac 
Reset  Ac 


4  Bit  Register  A 

Ol    Q2    03  Q4 


MC1401BB 
Ouet  4-BiI  Register 


4-Bit  Register  B 
Ql    Q2   Q3  Q4 


Control  A  O— 


XO     X1      X2     X3      VO     Yl  Y2 

Y3 

A 

MC14519B 

ANO/OR  Select/End  NOR 

B 

ZO              Z1  22 

Z3 

I  MC14070B 
I  Quad 

I  E  xclulive  OR 


CONVERSION  TABLE 


OPERATION 

CODE 

OUTPUT 

FUNCTION 

A 

B 

INV 

00 

Ql 

02 

03 

0 

0 

0 

0 

0 

0 

0 

Inhibit,  all  zeros 

0 

0 

1 

1 

1 

1 

1 

Inhibit,  all  ones 

1 

0 

0 

XO 

Xt 

X2 

X3 

Control  A 

1 

0 

1 

XO 

XI 

X2 

X3 

Control  A  and  Invart 

0 

1 

0 

YO 

Yl 

Y2 

Y3 

Control  B 

0 

1 

1 

YO 

Yl 

Y2- 

Y3 

Control  B  and  Invart 

1 

1 

0 

XO®  YO 

Xt@  Yl 

X2®  Y2 

X3®  Y3 

E  Kdusive  NOR 

1 

1 

1 

XO  ©  YO 

XI®  Yl 

X2©Y2 

X3©  Y3 

Exclusive  OR 

This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  lields.  However, 
precautions  must  be  taken  to  avoid  applications  ol  any  voltage  higher  than  maximum  rated  voltages  to  this  high-Imped- 
ance circuit.  For  proper  operation.  V|n  and  Vout  should  be  constrained  to  the  range  Vgs  *  (Vin  or  V0U|)  <  VfjD' 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g..  either  Vgs  or  Voq).  Unused  outputs  must 
be  left  open. 
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See  Page  6-288 
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24-STAGE  FREQUENCY  DIVIDER 

The  MC 14521 B  consists  of  a  chain  of  24  flip-flops  with  an  input 
circuit  that  allows  three  modes  of  operation.  The  input  will  function 
as  a  crystal  oscillator,  an  RC  oscillator,  or  as  an  input  buffer  for  an 
external  oscillator.  Each  flip-flop  divides  the  frequency  of  the 
previous  flip-flop  by  two,  consequently  this  part  will  count  up  to 
2**  =  16,777,216.  The  count  advances  on  the  negative  going  edge  of 
the  clock.  The  outputs  of  the  last  seven-stages  are  available  for  added 
flexibility. 

•  All  Stages  are  Resettable 

•  Reset  Disables  the  RC  Oscillator  for  Low  Standby  Power  Drain 

•  RC  and  Crystal  Oscillator  Outputs  Are  Capable  of  Driving 
External  Loads 

•  Test  Mode  to  Reduce  Test  Time 

•  VDD'  and  VSS'  Pms  Brought  Out  on  Crystal  Oscillator  Inverter 
to  Allow  the  Connection  of  External  Resistors  for  Low-Power 
Operation 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schotlky  TTL  Load  over  the  Raled  Temperature  Range. 


CMOS  MSI 


(LOW-POWER  COMPLEMENTARY  MOS) 

24-STAGE  FREQUENCY  DIVIDER 


L  SUFFIX 
CERAMIC  PACKAGE 


P  SUFFIX 
PLASTIC  PACKAGE 

CASE  MS 


ORDERING  INFORMATION 

A  SbiIos:  -55'CIO  -t-125'C 
MCI  4XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40'C  to  +85*C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

DC  Supply  Voltage 

-0  5  to  *  16  0 

V 

v,n.  voli, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  vDD  -a  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

=  10 

mA 

Po 

Power  Dissipation,  per  Packaget 

500 

mW 

Tstq 

Storage  Tomporalure 

-  65  to  »  150 

'C 

TL 

Lead  Temperaluro  (B-Socond  Soldering) 

260 

■C 

'Maximum  Ratings  arc  ihosB  values  beyond  which  damage  10  the  device  may  occur. 
tTomperature  Derating:  Plastic  "P"  Package;  -  12mW/'C  Irom  65*C  to  85"C 

Ceramic  "L"  Package:  -  12mW/*C  Irom  100*C  to  125°C 


PIN  ASSIGNMENT 


w 

1  f= 

Q24 

«DD 

 116 

■->  czz 

RMt 

023 

 1  15 

vSs' 

Q22 

 1  14 

4  1= 

Out  2 

Q21 

 1  13 

s  "= 

vDd' 

Q  20 

=112 

1C 

In  2 

OI9 

=JH 

7  1= 

Out  1 

ais 

 1  10 

•1= 

«SS 

In  1 

BLOCK  DIAGRAM 


9 
mi 


Out  1      "HO'  Vgg 


t  thf  u  17 

VDO  -  Pin  Ifl 

i 

vss-  Pin* 

1 

stag** 

1M  thru  24 


ais  a  19  a  jo  a2i  Q22  023  a24 


"4 

Out  2 


l    l    \    l    II    <>  l 

10     11     12     13     14     IS  1 


OUTPUT 

COUNT  CAPACITY 

Q18 
019 

O20 
Q21 
Q22 
Q  23 
Q24 

21*  -  262.144 
21'  -  S24.288 
230  -  1.048.576 
211  -  2,097.152 

2 22  -  4.194.304 

2 23  -  8.388.608 
21*  -  16.777.216 

This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However,  precautions 
must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-impBdance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be  constrained  to  Ihe  range  Vgg  <  (Vjn  or  Vou.)  <  Vqq. 

Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  V55  or  Vqq).  Unused  outputs  must  be  left  open. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  vsa) 


VDD 

Tlow* 

26"C 

Thl 

rh* 

En 

Cturoctaristic 

Symbol 

Vdc 

Mln 

Nun 

Min 

Typ» 

Ma> 

Mln 

Mam 

Untt 

Output  Voltage             "0"  Level 

V0L 

5.0 

_ 

0.05 

_ 

0 

0.05 

~~ 

0.05 

Vdc 

vin  "  V0D  or  ° 

1 0 

_ 

0.05 

_ 

0 

0.05 

0.05 

1 5 

- 

0.5 

- 

0 

0.05 

0.05 

"1"  Level 

V0H 

5.0 

4.95 

- 

4.95 

5.0 

- 

4.95 

Vdc 

vjn  -  u  or  vqq 

10 

9.95 

- 

9.95 

10 

- 

9.95 

15 

14.95 

- 

14.95 

15 

- 

14.95 

Input  Voltage                "0"  Level 

VIL 

Vdc 

(V0  =  4.5  or  0.5  Vdcl 

5.0 

_ 

1.5 

_ 

2.25 

1.5 

- 

1 .5 

IV0  =  9.0  or  1.0  Vdc> 

10 

- 

3.0 

- 

4.50 

3.0 

— 

3.0 

ivq  —        of  i.o  vac) 

1 5 

- 

4.0 

- 

6,75 

4.0 

4  0 

"1"  Level 

V(H 

Vdc 

<V0  =  0.5  or  4.5  Vdcl 

5.0 

3.5 

3.5 

2.75 

3.5 

- 

(V0  =  1.0  or  9.0  Vac) 

10 

7.0 

- 

7.0 

5.50 

- 

7.0 

— 

l vq  =  i.s  or  i  j.3  vac) 

15 

11.0 

- 

11.0 

8.25 

- 

110 

Output  Drive  Current  (AL  Device) 

'oh 

mAdc 

(VQH  =  2.5  Vdc)  Source 

5.0 

-1.2 

- 

-1.0 

-1.7 

- 

-0.7 

.  —  A  R  UHr>l            Pin«  A  JL  7 
IVnU  —  *♦ .  O  VOCI              rlM3  H  8  f 

5  0 

-0.25 

- 

-0.2 

-0.36 

- 

— D.  1 4 

(V0H  •  9.6  Vdc) 

10 

-0.62 

- 

-0.5 

-0.9 

- 

-0.35 

<V0H  -  13.S  Vdc) 

15 

-IB 

- 

-1.5 

-3.5 

- 

-1.1 

IVqh  =  2-5  Vdc)  Source 

5.0 

—  3.0 

—  2.4 

—  4.2 

-1.7 

— 

mAdc 

(V0H  =  4.6  Vdc)       Pins  1.  10. 

5.0 

-0.64 

_ 

-0.51 

-0  88 

-0.36 

- 

IVQH  =  9.5  Vdcl  11.  12.  13. -14 

10 

-1.6 

- 

-1.3 

-2.25 

- 

-0.9 

— 

IV... .  —  1  1  R  VHr<l                anri  1  C. 
1 VQU  —    1  O.  O  VDCI                ano  1  9 

1  5 

-4.2 

- 

-3.4 

-8.8 

- 

—  2.4 

<V0L  =  0.4  Vdcl  Sink 

'0L 

5.0 

0.64 

0.51 

0.88 

0.36 

- 

mAdc 

(V0L  =  0.5  Vdc) 

10 

1.6 

z 

1.3 

2.25 

_ 

0.9 

- 

IVQL  =1.5  Vdcl 

15 

4.2 

- 

3.4 

8.8 

- 

2.4 

— 

Output  Drive  Current 

ICL/CP  Device) 

'oh 

mAdc 

IV0H  =  2.5  Vdcl  Source 

5.0 

-1.0 

- 

-0.8 

-1.7 

- 

-0.6 

— 

IV«. .  b  4  A  Vrifl          Pin*  4  A  7 
ivnu              vuci           nils     0i  * 

5.0 

-0.2 

- 

-0.16 

-0.36 

- 

—  0.12 

IV0H  =  9.5  Vdcl 

10 

—  0. 5 

—  0.4 

—  0.9 

-0.3 

_ 

(V0H  =13.5  Vdcl 

15 

-1.4 

-1.2 

-3.5 

-1.0 

- 

<Vqh     2.5  Vdc)  Source 

S.O 

-2.5 

—  2.1 

—  4.2 

-1.7 

mAdc 

<V0H  =  4.6  Vdcl       Pins  1.10. 

s.o 

-0.52 

-0.44 

-0.88- 

-0.36 

- 

IV0H  =  9. 5  Vdcl  11.  12.  13.  14 

10 

-1.3 

_ 

-1.1 

-2.25 

_ 

-0.9 

- 

<Vqh  =  13.5  Vdc)         and  15 

IS 

-3.6 

- 

-3.0 

-8.8 

- 

—  2.4 

|V0L  -  0.4  Vdcl  Sink 

'OL 

5.0 

0.52 

0.44 

0.88 

0.36 

- 

mAdc 

|VQL  -0.5  Vdcl 

10 

1.3 

1.1 

2.25 

0.9 

— 

(V0L  -1.5  Vdcl 

15 

3.6 

_ 

3.0 

8.8 

_ 

2.4 

— 

Input  Current 

± 

IAL  Devicel 

'in 

15 

±0.1 

0.00001 

±0.1 

- 

±1.0 

MAdc 



Input  Current 

± 

(CL/CP  Device) 

l.„ 
in 

15 

- 

±0.3 

0.00001 

±0.3 

±1.0 

nAdc 

Input  Capacitance 

Cin 

- 

5.0 

7.5 

- 

IVin  =  0) 

Quiescent  Current  IAL  Device) 

DD 

5.0 

5.0 

0.005 

5.0 

150 

liAdc 

IPer  Package) 

10 

10 

0.010 

10 

300 

IS 

20 

0.015 

20 

600 

Quiescent  Current  ICL/CP  Device) 

'OD 

5.0 

20 

0.005 

20 

150 

LiAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current*  *t 

it 

5.0 

lT  =  10.42  nA/kHll  1  +  Iqd 

uAdc 

(Dynamic  plus  Quiescent. 

10 

lT  =  10.85  (i A/kHz)  f  +  l00 

Per  Package) 

15 

lT  =  11.4    nA/kHzl  1  +  lDD 

(C|_  =  50  pF  on  all  outputs. 

all  buffers  switching) 

T|ow  -  _  55-c  for  AL  Devfco,  -  *C*C  for  CL/CP  Oovfco.  TTo  calculate  total  supply  current  at  loada  other  than  50  pF: 

ThIoh  "  + 1 25"C  for  AL  D*vfco.  +  8S*C  for  CL/CP  Dovleo. 

IT(CL)  -  lT(50  pF)  +  (CL  -  BO)  Vtk 

#Data  labollod  "Typ"  la  not  to  ba  uaod  for  dostgn  purpoMa  but  la 
tntendod  as  an  Indication  of  tho  IC's  potonHal  portormanco.  whoro:  lj  ta  In  nA  (por  packago).  Cl  *n  pF.  V  -  (VOD-V88)  In  volts.  . 

I  in  kHz  Is  Input  froquency.  end  k  -  0.003. 

"The  forrnulaa  givon  are  for  the  typical  characteristics  only  at  2S*C. 


6-298 


MC14521B 


SWITCHING  CHARACTERISTICS'  (Cl  -  50  pF,  TA  -  2yC) 


Characteristic 

Symbol 

Voo 
Vdc 

Ifln 

Typ* 

Max 

Unit 

Output  Rise  and  Fall  Time  (Counter  Outputs) 
fTLH.  THL  "  0-5  ns/pF)  Cl  +  25  m 
TLH.  THL  =  (0.75  ns/pF)  Cl  +  12-5  ns 
TUH.  tTKL  =  (0.55  ns/pF)  Cl  +  12.5  ns 

TLH.  tTHL 

50 
10 
15 

too 

50 
40 

200 
100 
80 

ns 

Propagation  Delay  Time 
Clock  to  018 
•PHL.  tPlH  -  (1.7ns/pF)CL  +  4415  ns 
IPHL.  tPLH  •  (066  ns/pF)  Cl  +  1667  ns 
tpHL.  tPLH  -  (0-5  ns/pF)  Cl  +  1275  ns 

tPHL.  'PLH 

5.0 
10 
15 

- 

4.5 
1.7 
1.3 

9.0 
3.5 
2.7 

MS 

Clock  to  024 
tPHLi  tPLH  ~       ns/pF)  Cl  +  5915  ns 
IPHL.  'PLH  -  (0.66  ns/pF)  Cl  +  2167  ns 
IPHL.  'PLH  =  (0.5  ns/pF)  Cl  +  1675  ns 

5.0 
10 
15 

- 

6.0 
2.2 
1.7 

12 
4.5 
3.5 

Propagation  Delay  Time 
Reset  to  Qn 
tPHL  =  O-7  ns/pF|  Cl  +  1215  ns 
tPHL  -  (0.66  ns/pF)  Cl  +  467  ns 
tPHL  =  (°-5  "^PF)  Cl  +  350  ns 

tPHL 

5.0 
10 
15 

- 

1300 
500 
375 

26O0 
1000 
750 

ns 

Clock  Pulse  Width 

'WH(d) 

5.0 
10 
15 

385 
150 
120 

140 
55 
40 

ns 

Clock  Pulse  Frequency 

Id 

5.0 
10 
15 

3.5 
9.0 
12 

2.0 
5.0 
6.5 

MHz 

Clock  Rise  and  Fall  Time 

tTLH.  tTHL 

5.0 
10 
15 

15 
S.O 
4.0 

ftS 

Reset  Pulse  Width 

'WH(R) 

5.0 
10 
15 

1400 
600 
450 

700 
300 
225 

ns 

Reset  Removal  Time 

trem 

5.0 
10 
15 

30 
0 
-40 

-200 
-160 
-110 

ns 

*Tho  formulas  givon  aro  for  Iho  typical  charactortstks  only  at  25*C. 


#Oata  (abotlod  "Typ"  Is  noi  to  bo  used  for  doslgn  purposos  bul  Is 
Intondod  as  an  Indication  of  tfto  IC's  potontlal  porformoneo. 
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FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 

ov00 


ODV  ?VDD' 


aia 

019 
O20 
03I 
Q22 
Q23 
Q24 


 j£LT 

— lClt  ± 


,o2  ~1  r»— - 1  |-20"  ~1  - 


 ,c 


vss 


-T  T  1     CL^  X 

;6  yvSs-   J.  " 


■  <WH  • 
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I— «TLH 
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FIGURE  3  -  CRYSTAL  OSCILLATOR  CIRCUIT 


"Optional  for  low  power  operation. 
10  Ml  <.  R  <  70  k£l 


FIGURE  4  -  TYPICAL  DATA  FOR  CRYSTAL 
OSCILLATOR  CIRCUIT 


CHARACTERISTIC 

500  kHz 
CIRCUIT 

50  kHz 
CIRCUIT 

UNIT 

Crystal  Characteristics 

Raaonant  Frequency 

500 

SO 

kHz 

Equivalent  Resistance.  Rg 

1.0 

6.2 

kit 

External  Resistor/Capacitor  Values 

«o 

47 

750 

kll 

cT 

82 

82 

pF 

Cs 

20 

20 

pF 

Frequency  Stability 

Frequency  Change  as  e  Function 

01  V0D  <TA  "  2B°CI 

Vqo  Chenge  from  S.O  V  to  10  V 

♦  6.0 

♦2.0 

ppm 

VDO  Chang*  from  10  V  to  IS  V 

♦  2.0 

♦2.0 

pom 

Frequency  Changa  at  a  Function 

of  Tamparatura  (V0r>  •  10  VI 
TA  Changa  from  -se'e  to  ♦25°C 

MC14521  only 

-4.0 

-2.0 

ppm 

Complata  Oaclllator* 

♦too 

♦  120 

ppm 

TA  Changa  from  tJ5°C  to  ♦125°C 

MC14S21  only 

-2.0 

-2.0 

ppm 

Complata  Oscillator' 

-180 

-560 

ppm 

'Complete  oscillator  tncludai  crystal,  capacitor*,  and  radtton. 
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FIGURE  6  -  RC  OSCILLATOR  STABILITY 
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FIGURE  7  —  RC  OSCILLATOR  CIRCUIT 


'oo 


FIGURE  6  -  RC  OSCILLATOR  FREQUENCY  AS  A 
FUNCTION  OF  RTC  AND  C 


1.0  k 
0  0001 


10  k  100  k 

BTC.  RESISTANCE  (OHMS) 
0.001  001 
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FIGURE  8  -  FUNCTIONAL  TEST  CIRCUIT 
•  UDD 


Pulse 
Generator 


In  1 

OI8 

— O 

Q19 

— O 

Q20 

— O 

021 

— o 

In  2 

Q22 

— o 

Q23 

— o 

024 

— o 

Out  1 

R 

Out  2 

— 1 

1.0  m 
0.1 


FUNCTIONAL  TEST  SEQUENCE 


A  test  function  (see  Figure  8)  has  been  in- 
cluded for  the  reduction  of  test  time  required  to 
exercise  all  24  counter  stages.  This  test  function 
divides  the  counter  into  three  8  stage  sections, 
and  255  counts  are  loaded  in  each  of  the  8-stage 
sections  in  parallel.  All  flip-flops  are  now  at  a 
logic  "1".  The  counter  is  now  returned  to  the 
normal  24-stages  in  series  configuration.  One 
more  pulse  is  entered  into  Input  2  (In  2)  which 
will  cause  the  counter  to  ripple  from  an  all 
"1"  state  to  an  all  "0"  state. 

INPUTS 

OUTPUTS 

COMMENTS 

Reset 

In  2 

Out  2 

Vss' 

vDD- 

Q18rtai024 

Counter  it  in  three  8-stege 

1 

0 

0 

«l 
G 

50 
<*» 

G 

v 

id 
JO 

0 

Counter  it  reset.  In  2  end 
Out  2  ere  connected  together 

( 

> 

1 

1 

First  "0"  to  "1"  treneition 
on  In  2,  Out  2  node. 

0 

1 

0 

1 

255  "0"  to  "1"  transitions 
ere  clocked  into  this  In  2, 
Out  2  node. 

1 

1 

1 

The  2S5th  "O"  to  "1" 
transition. 

0 
0 

0 
0 

1 
1 

1 

0 

l 

Counter  converted  beck  to 
24-ttages  in  aeries  mode. 

1 

0 

1 

Out  2  converts  beck  to  en 

output. 

0 

1 

0 

Counter  ripples  from  en 
ell  "1"  etete  to  en  ell 
"0"  stage. 
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PRESETTABLE  4-BIT  DOWN  COUNTERS 

The  MC14522B  BCD  counter  and  the  MC14526B  binary  counter 
are  constructed  with  MOS  P-channel  and  N-channel  enhancement 
mode  devices  in  a  monolithic  structure. 

These  devices  are  presettable,  cascadable,  synchronous  down 
counters  with  a  decoded  "0"  state  output  lor  divide-by-N  applica- 
tions. In  single  stage  applications  the  "0"  output  is  applied  to  the 
Preset  Enable  input.  The  Cascade  Feedback  input  allows  cascade 
divide-by-N  operation  with  no  additional  gates  required.  The  Inhibit 
input  allows  disabling  of  the  pulse  counting  function.  Inhibit  may 
also  be  used  as  a  negative  edge  clock. 

These  complementary  MOS  counters  can  be  used  in  frequency 
synthesizers,  phase-locked  loops,  and  other  frequency  division  ap- 
plications requiring  low  power  dissipation  and/or  high  noise 
immunity. 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Logic  Edge-Clocked  Design  —  Incremented  on  Positive  Transi- 
tion of  Clock  or  Negative  Transition  of  Inhibit 

•  Asynchronous  Preset  Enable 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  10  +  18  0 

V 

Vjrv  vout 

Input  or  Output  Voltage  [DC  or  Transient) 

-0.5  to  V00  »0.S 

V 

'in-  'out 

Input  or  Output  Current  [DC  or  Transient).  pBr  Pin 

>  10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

T»ia 

Storage  Temperature 

-65  to  -  150 

•c 

U 

Load  Temperature  (8-Sacond  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTomporature  Derating:  Plastic  "P"  Package:  -  12mW/"C  from  65*C  to  85X 

Ceramic  *"L"  Package:  -12mW/X  from  100"C  to  125*C 


FUNCTION  TABLE 


Inputs 

Output 

Resulting 

Preset 

Cascade 

Function 

Clock 

Reset 

Inhibit 

Enable 

Feedback 

..„.. 

X 

H 

X 

L 

L 

L 

Asynchronous  reset* 

X 

H 

X 

H 

L 

H 

Asynchronous  reset 

X 

H 

X 

X 

H 

H 

Asynchronous  resot 

X 

L 

X 

H 

X 

L 

Asynchronous  preset 

L 

L 

X 

L 

Docromont  inhlbitod 

L 

L 

X 

L 

Docroment  inhibited 

L 

L 

L 

L 

No  change"  (Inactive  odgo) 

H 

L 



L 

L 

L 

No  change"  (inactive  odgo) 

L 

L 

L 

L 

L 

Decremont" 

L 

L 

L 

L 

Oocrement" 

X  -  Don't  Cam 


Notes: 

*  Output  "0"  is  low  when  rosot  goes  high  only  if  PE  and  CF  are  low. 
**  Output  "0"  is  high  when  reset  is  low.  only  If  CF  is  high  and  count  Is  0000. 


MC14522B 
MC14526B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOS) 

PRESETTABLE 
4-BIT  DOWN  COUNTERS 

BCD  -  MC14522B 
Binary  -  MC14526B 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE        PLASTIC  PACKAGE 
CASE  620  CASE  648 


ORDERING  INFORMATION 

A  Series:  -55'Cto  +125*C 
MC14XXXBAL  (Ceramic  PackagB  Only) 

C  Series:  -  40*C  to  -  85°C 

MCI  4XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


PIN  ASSIGNMENT 

1 

C= 

Q3 

16 

2 

P3 

Q2 

15 

3 

C= 

PE 

P2 

ZZ) 

14 

4 

Inhibit 

CF 

13 

5 

PO 

"0" 

ZZ) 

12 

6 

Clock 

PI 

1 1 

7 

QO 

Rosot 

10 

8 

VSS 

01 

9 

This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  Vss  s  (Vjn  or 
Vout)  *  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g..  either  Vss 
or  Vqq).  Unused  outputs  must  be  left  open. 
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ELECTRICAL  CHARACTERISTICS  (Vottaoes  Relecenoed  to  Vss) 


vdd 

T|ow" 

25*C 

■re 

oh' 

CharadeitsUc 

Symbol 

Vdc 

Kin 

Max 

lEn 

Typ# 

Max 

Un 

Max 

Unit 

Output  Voltage 

"0"  Level 

Vol 

5.0 

0.05 

o 

0.05 



0.05 

Vdc 

V(n  -  Vdd  or  0 

10 

0.05 

o 

0.05 

— 

0.05 

15 

0.05 

o 

0.05 

— 

0.05 

"1"  Level 

Voh 

5.0 

4.95 

~ 

4.95 

5.0 

~ 

4.95 

Vdc 

V|n  =  0  or  Vqd 

10 

9.95 

9.95 

10 

9.95 



15 

14.95 

14.95 

15 

14.95 

— 

Input  Voftago 

D"  Level 

V|L 

Vdc 

(Vo  -  4.5  or  0.5  Vdc) 

5.0 

— 

1.5 

— 

2.25 

1.5 



1.5 

(Vo  -  9.0  or  1.0  Vdc) 

10 

3.0 

4.50 

3.0 



3.0 

(Vo  =  13.Sor1.5Vdc) 

15 

4.0 

_ 

6.75 

4.0 



4.0 

"1"  Level 

V|H 

Vdc 

(Vo  -  0.5  or  4.5  Vdc) 

5.0 

3.5 

3.5 

2.75 

3.5 



(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 



(Vo  -  1.5  or  13.5  Vdc) 

15 

11.0 

11.0 

8.25 

11.0 

— 

Output  Drlvs  Current  (AL  Device) 

lOH 

mAdc 

(V0H  -  2.5  Vdc) 

Source 

5.0 

-3.0 

— 

-2.4 

-4.2 

— 

-1.7 



(Voh  ■»  4.6  Vdc) 

5.0 

-0.64 

-0.51 

-0.68 

-0.36 



(VOH  =  9  5  Vdc) 

10 

-1.6 

-1.3 

-225 

-0.9 



(VOH  =  '3-5  Vdc) 

15 

-4.2 

-3.4 

-8.8 

-2.4 

— 

(Vol  =  o.4  voc) 

Sink 

kJL 

5.0 

0.64 

0.51 

0.88 

0.36 



mAdc 

(vol  -o-s  vdc) 

10 

1.6 

1.3 

22S 

0.9 



(vol  =  1-5  vdc) 

15 

4.2 

— 

3.4 

8.8 

— 

2.4 

- 

Output  Drive  Current  (CL/CP  Device) 

lOH 

mAdc 

(Voh  -  2.5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

-1.7 

(Voh  -  4.6  vdc) 

5.0 

-0.52 

— 

-0.44 

-0.88 

— 

-0.36 

(voh  -m  vdc) 

10 

—  1.3 

-0.9 

(Voh  -  u  s  vdc) 

15 

—36 

—3.0 

—  8.8 

-2.4 

— 

(Vol  =  o.4  vdc) 

Sink 

In, 

5.0 

0.52 

— 

0.44 

0.88 

— 

0.36 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.3 

1.1 

2.25 

0.9 

_ 

(Vol  -  i  s  voc) 

15 

3.6 

8  8 

2.4 

— 

Input  Current  (AL  Device) 

in 

15 

— 

±0.1 

— — — 

±0.00001 

±0.1 

±1.0 

pAdc 

Input  Current  (CL/CP  Device) 

tin 

15 

— 

±0.3 

±0.00001 

±0.3 

— 

±1.0 

/iAqc 

Input  Capacitance 

cm 

— 

5.0 

7.S 

— 

— 

PF 

(Vin-0) 

Quiescent  Current  (AL  Device) 

'DD 

5.0 

5.0 

0.005 

5.0 



150 

fiAdc 

(Per  Package) 

10 

10 

0.010 

10 

— 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

too 

5.0 

20 

0.005 

20 

150 

(iAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Currenft 

it 

SO 

IT  =  (1.7fiA/kHz)l  +  Idd 

fiAdc 

(Dynamic  plus  Quiescent 

10 

IT  -  (3.4  )iA/kHz)  1  +  Idd 

Per  Package) 

IS 

it  =  (s.i  fiA/kHz)  i  +  idd 

(Cl  -  50  pF  on  an  outputs, 

aH  buffers  switching) 

T!ow--5S-CtorAL  Device.  -40*C  for  CL/CP  Oevico.  tTo  ealcutata  total  supply  current  at  toada  other  man  so  OF: 

TNsh-+12S'Cf»rALDevtc«.  +85*C  lor  CL/CP  Device. 

lj(CL)  -  MSO  pF)  ♦  (CL  -  50)  Vlk 

#Dsta  labelled  "Typ"  !•  not  to  be  used  for  design  purposes  but  Is 
intended  so  sn  indication  of  trie  IC's  potential  performance,  latiere:  Ijla  In  ixA  (per  packsga).  CL  In  pF.  V  -  (VDD-VSS)  in  volta. 

I  in  kHz  la  input  frequoncy.  and  k  -  0.001. 

**Tbo  tormulaa  given  are  tor  the  typical  characteristics  only  el  25'C 
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SWITCHING  CHARACTERISTICS'  (CL  =  50  pF.  TA-.25'C) 


Characteristic 

Symbol 

VDD 

Mln 

Typ  # 

Max 

Unit 

Output  Rise  And  Fait  Time 

*TLH, 

ns 

*TLH»  *THL"0-5  WPH  CL  +  25  ns 

»THL 

5.0 

— 

100 

200 

*TLH»  lTHL"(0.75  ns/pF)  C[_+  12.5  ns 

(Figures  4,  5) 

10 

— 

50 

100 

ilLrl*  'XHL             iiswpn/  vi  Ta.3  no 

IS 

40 

60 

Propagation  Do  lay  Time  (Inhibit  Used  &&  Negative- 

'PLH, 

ns 

cuy U  wlOCnf 

tPHL 

Clock  or  Inhibit  to  Q 

(Figures  4,  5,  6) 

lpLH>  lPHL  ™  (1-7  ns/pF)  C|_  +  465  ns 

5.0 



550 

1100 

fPLH*  rPHL  "  (0.66  ns/pF)  C(_  +  197  ns 

10 



225 

450 

tpmi  lPHL  ™  (0-5  ns/pF)  C|_  +  135  ns 

15 

— 

160 

320 

Clock  or  Inhibit  to  "0" 

*PLH«  (PKL  "  <17  ns/pF)  C|_  +  155  ns 

5.0 

— 

240 

460 

'PLH'  'PKL  *  (0.66  ns/pF)  C|_  +  87  ns 

10 

— 

130 

280 

tPLH*  'PHL  *  (0.5  ns/pF)  C|_  +  65  ns 

15 

100 

200 

Propagation  Delay  Time 

'PLH, 

5.0 

260 

520 

ns 

Pn  to  Q 

'PHL 

10 

— 

120 

240 

(Figures  4,  7) 

15 

— 

100 

200 

Propagation  Delay  Time 

'PHI 

5.0 



250 

500 

ns 

Reset  to  Q 

10 

— 

110 

220 

(Figure  8) 

15 

— 

80 

160 

Propagation  Dotay  Ttme 

'PHLt 

5.0 



220 

440 

ns 

Prosot  Enable  to  "0" 

'PLH 

10 

— 

100 

200 

(Figures  4.  9) 

IS 

— 

80 

160 

Clock  or  Inhibit  Pulse  Width 

>w 

5.0 

250 

125 

ns 

10 

100 

so 

— 

(Figures  5,  6) 

15 

60 

40 

— 

Ctock  Pulso  Frequency  (with  PE  =  low) 

SO 

_ 

2.0 

1.5 

MHz 

10 

— 

5.0 

3.0 

(Figures  4,  5,  6) 

15 

— 

6.6 

4.0 

Clock  or  Inhibit  Rise  and  Fall  Time 

>r< 

5.0 

_ 



15 

'f 

10 

— 

— 

5 

(Figures  5.  6) 

IS 

— 

— 

4 

Setup  Time 

<su 

5.0 

90 

40 

— 

ns 

Pn  to  Preset  Enable 

10 

50 

15 

— 

(Figure  10) 

15 

40 

10 

— 

Hold  Time 

'h 

5.0 

30 

-15 



ns 

Preset  Enable  to  Pn 

10 

30 

-5 

— 

(Figure  10) 

15 

30 

0 

Preset  Enable  Pulso  Width 

'w 

5.0 

250 

125 

ns 

10 

100 

50 

(Figure  10) 

IS 

SO 

40 

Reset  Pulse  Width 

<w 

5.0 

350 

175 

ns 

10 

250 

125 

(Figure  6) 

15 

200 

100 

Reset  Removal  Time 

'rem 

5.0 

10 

-110 

ns 

10 

20 

-30 

(Figure  6) 

15 

30 

-20 

*Tho  formulas  gtvon  are  tor  iho  typical  characteristics  only  at  25'C. 


#Data  labelled  "Typ"  Is  not  to  be  used  for  design  purposes  but  Is 
Intondod  as  on  Indication  at  tho  IC's  potontlal  performance. 
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FIGURE  1  -  TYPICAL  OUTPUT  SOURCE 
CHARACTERISTICS  TEST  CIRCUIT 


FIGURE  3  -  POWER  DISSIPATION 


50%  Duty  Cyclt 


FIGURE  2  -  TYPICAL  OUTPUT  SINK 
CHARACTERISTICS  TEST  CIRCUIT 


FIGURE  4  —  TEST  CIRCUIT 


Device 
Under 
Test 


est  Point 

1 


— 1 —  t 

I 


'Includes  all  probe  and  jig  capacitance. 
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SWITCHING  WAVEFORMS 


Clock 


80% 
50% 
10% 


! — \     y  vdd     -\  -*  jr- — v 

5                   ;  Inhibit  V  S0%  /  V 

y  /    VSS  ^  '0*  _f  \ 


•  'PLH 


AnyQ  90%/! 
or"0"  *>*/ 

-»-|     |-*-  'TLH 


'THL-*- 


vss 


■*-  <PLH 


'  C  90%  > 

\  An"Q  50%,? 

JL   or  "0"  T 

r  io%  Jf 


'PHL  -H  N- 


\ 


-H  -*-'TLH 


<thl- 


Any  P 


Any  Q 


80% 
50% 
10% 


'PLH 


'PHL 


vss 


\ 


■  vDD 
vss 


-*-  'PHL 


Any  Q 


vDd 
vss 


vdd 


vss 


Anyp"^^ 


Preset 
Enable 


vdd 
vss 
vdd 
vss 


-'w- 
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PIN  DESCRIPTIONS 


Preset  Enable  (Pin  3)  —  II  Reset  is  low,  a  high  level 
on  the  Preset  Enable  input  asynchronously  loads  the 
counter  with  the  programmed  values  on  PO,  P1,  P2,  and 
P3. 

Inhibit  (Pin  4)  —  A  high  level  on  the  Inhibit  input  pre- 
vents the  Clock  from  decrementing  the  counter.  With 
Clock  (pin  6)  held  high,  Inhibit  may  be  used  as  a  negative 
edge  clock  input. 

Clock  (Pin  6)  —  The  counter  decrements  by  one  for 
each  rising  edge  of  Clock.  See  the  Function  Table  lor  level 
requirements  on  the  other  inputs. 

Reset  (Pin  10)  —  A  high  level  on  Reset  asynchro- 
nously forces  QO,  Q1,  Q2,  and  Q3  low  and,  II  Cascade 
Feedback  is  high,  causes  the  "0"  output  to  go  high. 

"0"  (Pin  12  )  —  The  "0"  (Zero)  output  issues  a  pulse 
one  clock  period  wide  when  the  counter  reaches  terminal 
count  (QO  =  Q1  =  Q2  =  Q3  =  low)  if  Cascade  Feedback 
is  high  and  Preset  Enable  is  low.  When  presetting  the 


counter  to  a  value  other  than  ail  zeroes,  the  "0"  output  is 
valid  alter  the  rising  edge  ol  Preset  Enable  (when  Cas- 
cade Feedback  is  high).  See  the  Function  Table. 

Cascade  Feedback  (Pin  13)  —  If  the  Cascade 
Feedback  input  is  high,  a  high  level  is  generated  at  the 
"0"  output  when  the  count  is  all  zeroes.  If  Cascade 
Feedback  is  low,  the  "0"  output  depends  on  the  Preset 
Enable  input  level.  See  the  Function  Table. 

P0,  P1,  P2,  P3  (Pins  5,  11,  14,  2)  —  These  are  the 
preset  data  inputs.  PO  is  the  LSB. 

QO,  Q1,  Q2,  Q3  (Pins  7,  9,  15,  1)  —  These  are  the 
synchronous  counter  outputs.  QO  is  the  LSB. 

Vss  (Pin  8)  —  The  most  negative  power  supply  poten- 
tial. This  pin  Is  usually  ground. 

v°DD  (pin  16)  —  The  most  positive  power  supply  po- 
tential. Vqq  may  range  Irom  3  to  18  V  with  respect  to 
VSS- 


STATE  DIAGRAMS 
MC14S22B  MC14528B 
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APPLICATIONS  INFORMATION 


D1vldo-By>N,  Slnglo  Stsga 


Cascaded,  Presottablo  Dlvlde-By-N 


Figure  1 1  shows  a  single  stage  divide-by-N  applica- 
tion. The  MC14522B  (BCD  version)  can  accept  a 
number  greater  than  9  and  count  down  in  binary  fash- 
ion. Hence,  the  BCD  and  binary  single  stage  divide- 
by-N  counters  (as  shown  in  Figure  11)  function  the 
same. 

To  initialize  counting  a  number,  N  is  set  on  the  par- 
allel inputs  (PO,  P1,  P2,  and  P3)  and  reset  is  taken 
high  asynchronously.  A  zero  is  forced  into  the  master 
and  slave  of  each  bit  and,  at  the  same  time,  the  "0" 
output  goes  high.  Because  Preset  Enable  is  tied  to  the 
"0"  output,  preset  is  enabled.  Reset  must  be  released 
while  the  Clock  is  high  so  the  slaves  of  each  bit  may 
receive  N  before  the  Clock  goes  low.  When  the  Clock 
goes  low  and  Reset  is  low,  the  "0"  output  goes  low  (if 
PO  through  P3  are  unequal  to  zero). 

The  counter  downcounts  with  each  rising  edge  of 
the  Clock.  When  the  counter  reaches  the  zero  state, 
an  output  pulse  occurs  on  "0"  which  presets  N.  The 
propagation  delays  from  the  Clock's  rising  and  falling 
edges  to  the  "0"  output's  rising  and  falling  edges  are 
about  equal,  making  the  "0"  output  pulse  approxi- 
mately equal  to  that  of  the  Clock  pulse. 

The  Inhibit  pin  may  be  used  to  stop  pulse  counting. 
When  this  pin  is  taken  high,  decrementing  is  inhibited. 


Figure  12  shows  a  three  stage  cascade  application. 
Taking  Reset  high  loads  N.  Only  the  first  stage's 
Reset  pin  (least  significant  counter)  must  be  taken 
high  to  cause  the  preset  for  all  stages,  but  all  pins 
could  be  tied  together,  as  shown. 

When  the  first  stage's  Reset  pin  goes  high,  the  "0" 
output  is  latched  in  a  high  state.  Reset  must  be  re- 
leased while  Clock  is  high  and  time  allowed  for  Preset 
Enable  to  load  N  into  all  stages  before  Clock  goes 
low. 

When  Preset  Enable  is  high  and  Clock  is  low,  time 
must  be  allowed  for  the  zero  digits  to  propagate  a 
Cascade  Feedback  to  the  first  non-zero  stage.  Worst 
case  is  from  the  most  significant  bit  (M.S.B.)  to  the 
L.S.B.,  when  the  L.S.B.  is  equal  to  one  (i.e.  N  =  1 ). 

After  N  is  loaded,  each  stage  counts  down  to  zero 
with  each  rising  edge  of  Clock.  When  any  stage 
reaches  zero  and  the  leading  stages  (more  significant 
bits)  are  zero,  the  "0"  output  goes  high  and  feeds 
back  to  the  preceding  stage.  When  all  stages  are 
zero,  the  Preset  Enable  automatically  loads  N  while 
the  Clock  is  high  and  the  cycle  is  renewed. 


FIGURE  11  —  +N  COUNTER 


<ln- 


vssT 


PO 

QO 

P1 

01 

P2 

02 

P3 

03 

CF 
Reset 

..„.. 

Inhibit 

Clock 

PE 

Buffer 

-D>- 


•in/ 
/  N 


LSB 
NO  N1  N2  N3 


FIGURE  12  —  3  STAOES  CASCADED 
N4  N5  N6N7 


MSB 

N8N9N10  N11 


SS 
VDD 


PO  PI  P2  P3  00  01 02  03 
Clock 


Inhibit 
Reset 


Load 
N 


,  10  K(l 
-VSS 


vssi 


P0P1P2P3  OOQ10203 
Clock 


Inhibit 

Reset      "0"  PE 


VSS-4r 


P0P1P2P3  00  0102  03 
Clock 


Inhibit 
Resol      "0"  PE 


VDD 

LJ 


Buffer 
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BCD  RATE  MULTIPLIER 

The  MC14527B  BCD  rate  multiplier  (DRM)  provides  an  output 
pulse  rate  based  upon  the  BCD  input  number.  For  example,  if  6  is 
the  BCD  input  number,  there  will  be  six  output  pulses  for  every  ten 
input  pulses.  This  part  may  be  used  for  arithmetic  operations  includ- 
ing multiplication  and  division.  Typical  applications  include  digital 
filters,  motor  speed  control  and  frequency  synthesizers. 


Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

Output  Clocked  on  the  Negative  Going  Edge  of  Clock 

Strobe  for  Inhibiting  or  Enabling  Outputs 

Enable  and  Cascade  Inputs  for  Cascade  Operation  of  Two  or 
More  DRMs 

"9"  Output  for  the  Parallel  Enable  Configuration  and  DRMs  in 
Cascade 

Complementary  Outputs 
Clear  and  Set  to  Nine  Inputs 


MAXIMUM  RATINGS*  (Voltages  Relerenced  to  Vss| 


Symbol 

Parameter 

Vilue 

Unit 

Vdd 

DC  Supply  Voltage 

-0.5  10  +  18.0 

V 

V,n.  Vout 

Input  or  Output  Vollage  (DC  or  Transient) 

-  o.5  to  Vqd  *  0  5 

V 

'in*  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±  10 

mA 

Pd 

Power  Dissipation,  per  Packagef 

500 

•W 

Storage  Temperature 

-65  to  +150 

•c 

Tl 

Load  Temperature  (B-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
tTemperature  Derating:  Plastic  "P"  Package:  -  12mW/"C  Irom  65"C  to  65"C 

Ceramic  "L"  Package:  -  12mW/*C  from  100*C  to  125*C 

TRUTH  TABLE 


OUTPUT 

LOGIC  LEVEL 

NPUTS 

NUMBER  OF  PULSES 

D" 

c 

B 

A 

No.  ot 
Clock  Pulw 

STROBE 

CASCADE 

CLEAR 

SET 

OUT 

OUT 

•=Ou! 

s  ■ 

0 
0 

0 
0 

0 
0 

0 

1 

10 
10 

0 
0 

0 
0 

0 
0 

0 
0 

0 

a 

0 
1 

1 
1 

0 
0 

□ 

0 

□ 

0 
0 

1 
1 
1 

1 
1 

0 
0 

0 
1 

0 

1 

0 

10 
10 
10 
10 
10 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

a 
a 
a 
a 

0 
0 
0 
0 
0 

0 
0 
0 

a 
a 

2 
3 
A 
5 
G 

2 
3 

4 

5 
6 

0 

1 
1 
1 
1 

1 

0 
0 
0 

c 

1 

0 
0 
A 

1 

1 

0 

1 

0 

1 

10 
10 
10 
10 
10 

o 

0 

a 

0 
0 

a 

0 

a 

0 
0 

0 
0 
0 
0 

a 

0 
0 
0 
0 
0 

0 
0 

a 

0 
0 

7 
8 
9 
S 
9 

7 
8 
9 
8 
9 

1 
1 

1 

X 

1 
1 
1 
1 

X 

0 
0 
1 
1 

X 

0 

1 

0 

1 

X 

10 
10 
10 
10 
10 

0 
0 
0 
0 

1 

0 
0 
0 
0 
0 

a 
a 
a 

0 
0 

0 
0 

a 

0 
0 

0 
0 
0 
0 
0 

H 

g 

H 

g 

H 

g 

B 

g 

X 
X 

1 

□ 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

10 
10 
10 
10 
10 

0 
0 
0 
0 

a 

1 

0 
0 
0 
0 

0 

i 

0 
0 
0 

0 
0 

1 
1 

0 

0 
0 
0 
0 

0 

i 

10 

§ 

i 

0 

10 

! 

I 

0 

MC14527B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOSI 

BCD  RATE  MULTIPLIER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Sorlos:  -  55'C  10  -  I25*C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Senas:  -  40"C  lo  +  85eC 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Packago) 


■■  Don't  Care 

•  Most  Signiljcan!  Bit 


BLOCK  DIAGRAM 


Multiple 


VSS  -  Pin  a 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  lo  Vss) 


vdd 

Tlow' 

25-C 

Th 

ah* 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Unit 

Output  Voltage                       "0  Level 

v0L 

5.0 

_ 

0.05 

_ 

0 

0.05 

— 

0.05 

Vdc 

Vjn  =  Vdd  or  0 

10 



0.05 



0 

0.05 

— 

0.05 

15 



0.05 

_ 

0 

0.05 

0.05 

"1"  Level 

voh 

5.0 

4  95 

4.95 

5.0 

4.95 

— 

Vdc 

Vjn  =  0  or  VrjD 

10 

9.95 

z 

9.95 

10 

z 

9.95 

— 

15 

14.95 



14.95 

IS 



14.95 

— 

Input  Vollage                        "0"  Level 

VlL 

Vdc 

(Vo  -  4.5  or  0.5  Vdc) 

5.0 

1.5 

2.25 

1.5 

— 

1.5 

(Vo  =  9.0  or  1.0  Vdc) 

10 

3.0 

4  50 

3.0 

— 

3.0 

(Vo  =  13.5  or  1.5  Vdc) 

15 



4.0 

6.75 

4.0 

— 

4.0 

"1"  Level 

VtH 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3  5 

3.5 

— 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

z 

7.0 

5.50 

z 

7.0 

— 

(Vo  -  l.S  or  13.5  Vdc) 

15 

11.0 



11.0 

8.25 



11.0 

— 

Output  Drive  Current  (AL  Device) 

(OH 

mAdc 

(Voh  -  2  5  Vdc)  Source 

5.0 

-3.0 

-2.4 

-4.2 

-1.7 

— 

(V0H  -  4.6  Vdc) 

5.0 

-0.36 

— 

(VOH  =  9-5  Vdc) 

10 

-1.6 



-1.3 

-2.25 

z 

-0.9 

— 

(Voh  =  i3.sv<ic) 

15 

-4.2 



-3.4 

-8.8 



-2.4 

— 

(Vol  =  0.4  Vdc)  Sink 

'OL 

5.0 

0  64 

0  51 

0.36 

— 

mAdc 

(Vol  =  o-5  vdc) 

10 

1.6 

_ 

1.3 

2.25 



0.9 

— 

(Vol  -  i  s  vdc) 

15 

4.2 

— 

3.4 

8.8 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

- 1 .7 

(Voh  =  **  vdc) 

5.0 

-0.52 

-0.44 

-0.88 

-0.36 

z 

(voh  =  9.5  vdc) 

10 

- 1.3 

-1.1 

-2.25 

-0.9 

_ 

(voh  -  i3.5  vdc) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

— 

(Vol  -  0.4  Vdc)  Sink 

(OL 

5.0 

0.52 

0.44 

0.88 

0.36 



mAdc 

(Vol  -  0.5  vdc) 

10 

1.3 

1.1 

2.25 

0.9 

_ 

(Vol  -  1.5  vdc) 

15 

3.6 

3.0 

8.8 

2.4 

— 

tnput  Current  (AL  Device) 

■in 

15 

±0.1 

±0.00001 

±0.1 



±1.0 

pAdc 

tnpui  i^uneni  iuLA*r*  uevtcs) 

■tn 

15 

— 

±0.3 

±0.00001 

±0.3 

♦1  0 

i  C 

Input  Capacitance 

Cin 

— 





5.0 

7.5 

pF 

(Vjn  =  0) 

Quiescent  Currenl  (AL  Device) 

IDD 

5.0 

5.0 

0.005 

5.0 

— 

150 

pAdc 

(Per  Package) 

10 

10 

0.010 

10 

— 

300 

15 

20 

0.015 

20 

600 

Oulescenl  Currenl  (CL/CP  Device) 

iDD 

5.0 

20 

0.005 

20 

150 

pAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current"! 

•t 

5.0 

rr  =  (0.85  pA/kHz)  1 

+  tDD 

fiAdc 

(Dynamic  plus  Quiescent, 

10 

IT  =  (1.75,iA/kHz)l 

+  'DD 

Per  Package) 

15 

IT  =  (2.6  fiAJKHz)  f  +  IDD 

(C|_  =  50  pF  on  all  outputs. 

all  buffers  switching) 

*Tlow"  -55*C  forAL  Dovlco.  -40'C  tor  CL/CP  Oovlco. 
Thigh  "  *  1 25*c  ,or  AL  Dovlco,  +  SS*C  lor  CL/CP  Dovico. 

#Dala  l&botlod  "Typ"  Is  not  to  bo  uaod  tor  do  sign  purposos  but  is 
tnlondod  as  an  Indication  of  the  ICS  potential  performance. 

"Tha  lormulaa  glvon  ate  lor  the  typical  characteristics  only  at  25*C- 


1To  calculate  total  supply  current  at  loads  other  than  SO  pF: 

lT<C|_)  -  't(S0  pF)  +  ICL  -50)  VI  k 

whBfO:  I j  Is  in  llA  (por  package).  C|_  In  pF.  V  -  (VDD~  VSS-  in 
I  in  kHz  is  input  frequency,  and  k  -  0.0012. 

PIN  ASSIGNMENT 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  ol  any  voltage  higher  than  maximum  rated  voltages  to  this  high* 
impedance  circuit.  For  proper  operation.  Vjn  and  Vout  should  be  constrained 
to  the  range  Vss  *  (vin  or  Vout)  <  Vdd- 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g., 
either  Vss  or  VDD>-  Unused  outputs  must  be  left  open. 


1 

"9" 

Vdd 

16 

2 

C 

B 

IS 

3 

o 

A 

14 

4 

s 

Clear 

13 

5 

C= 

Out 

Cue 

=1 

12 

6 

Out 

Ei„ 

11 

7 

Eout 

ST 

10 

8 

VSS 

Clock 

9 
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SWITCHING  CHARACTERISTICS*    (CL  -  SO  pF,  TA  .  25°C) 


Characterictic 

Symbol 

VD0 

Min 

Typ# 

Max 

Unit 

Output  Rtee  and  Fall  Time 

'TLM- 

200 

nt 

'TLH-  *THL  =  (1-5  ne/pF)  Cl  +  25  ns 

"THL 

6.0 

- 

100 

<TLHi  *THL  =  (0.75  na/pF)  Cl  +  12.5  ns 

10 

- 

60 

100 

'TLH-  *THL  =  (0.M  na/pF)  Cl  +  9.5  ne 

IS 

- 

40 

80 

Propagation  Delay  Time 

•PHL, 

nt 

Clock  to  Out 

•PHL 

<PLH,  'PHL  "        rtl/pFI  Cl  +  116  nt 

5.0 

- 

200 

400 

tpLH,  'PHL  "        ni/pF)  Cl  +  67  nt 

10 

- 

100 

200 

tpLH,  «PHL  "  l°  s  ra/pF)  Cl  +45  nt 

15 

- 

70 

140 

Clock  to  Out 

'PLH. 

nt 

«PLH.  «PHL"  H.7nl/pFl  CL+40nj 

•PHL 

5.0 

- 

126 

250 

«PLH,  «PHL  "  I0-86  ni/pFI  Cl  +  32  ril 

10 

- 

65 

130 

tpLH,  tpHL  "  '0  5  nt/pF)  Cl  ♦  20  ni 

IS 

- 

45 

90 

Clock  to  Eout 

•PLH. 

nt 

tpLH.  tpHL  "        nt/pF)  Cl  ♦  210  ni 

'PHL 

5.0 

- 

285 

590 

tpLH.  'PHL  "  'O-66  "i/pF)  Cl  ♦  97  ra 

10 

- 

130 

260 

'PLH,  'PHL  "  (0-5  ni/pF)  Cl  +  60  nt 

IS 

85 

170 

Clock  to  "9" 

«PLH. 

nt 

•PLH,  'PHL  "        na/pFI  Cl  +  316  nt 

«PHL 

5.0 

- 

400 

800 

tpLH*  'PHL  *  10  66  nt/pF)  Cl  ♦  1 22  nt 

10 

- 

155 

310 

•PLH.  «PHL  "  l°-6  ot/pF)  Cl  +  86  nt 

IS 

110 

220 

Sat  or  Clear  to  Out 

•PHL 

nt 

•VHL  "  I'-*  nt/pF)  Cl  +  295 nt 

5.0 

- 

380 

760 

'PHL  "  10-66  nt/pF)  Cl  +  132  nt 

10 

- 

165 

330 

tpHL  "  (0-6  m/pFI  Cl  +  85  nt 

IS 

- 

110 

220 

Cascade  to  Out 

«PLH 

nt 

'PHL"  (1.7nt/pF)CL  +  40nt 

5.0 

- 

125 

250 

'PHL  "  (0.66  nt/pF)  Cl  +  32  ni 

10 

- 

65 

130 

'PHL  "  10*  nt/pFI  Cl  +  20  nt 

15 

- 

45 

90 

Strobe  to  Out 

'PLH 

nt 

'PHL  '  "-7  M/lpFI  Cl  +  146  nt 

5.0 

- 

230 

260 

'PHL  "  TO-66  nt/pF)  Cl  +  72  nt 

10 

— 

105 

210 

'PHL  "  ,0-6  nt/pP  >  Cl  +  46  nt 

15 

— 

70 

140 

Clock  Pulte  Width 

<WH 

5.0 

500 

250 

- 

nt 

10 

200 

110 

- 

IS 

ISO 

80 

— 

Clock  Pulta  Frequency 

'd 

5.0 

- 

2.0 

1.2 

MHz 

10 

— 

4.S 

2.5 

15 

6.0 

3.5 

Clock  Pulte  Rise  and  Fall  Time 

TLH. 

SO 



1  5 

(U 

THL 

10 

6 

IS 

4 

Set  or  Clear  Pulte  Width 

«WH 

6.0 

240 

80 

nt 

10 

100 

35 

IS 

76 

30 

Set  Removal  Time 

•rem 

5.0 

0 

-20 

nt 

10 

0 

-10 

IS 

0 

-7.6 

Enable  In  Setup  Time 

<tu 

5.0 

400 

176 

nt 

10 

ISO 

60 

15 

120 

45 

'The  formulas  given  ero  for  the  typical  characteristics  only  at  25*C. 
#Oata  labelled  "Typ"  Is  not  to  bo  usod  tor  dosign  purposes  but  Is 
Intended  as  an  indication  of  the  EC's  potential  portermanco. 
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FIGURE  1  -  TEST  CIRCUIT  AND  TIMING  DIAGRAM 
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FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 
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FIGURE  4  -  TWO  MC14527BI  IN  CASCADE  WITH  PRESET  NO.  of  94 
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Not*:  Mot*  than  two  MCMS27B< 
may  ba  cascadad  utino,  thlt 
configuration. 
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output  for  oviry  100  clock  pulstt  in  for  pr*Mt  No.  of  94 
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MOTOROLA 


DUAL  MONOSTABLE  MULTIVIBRATOR 


The  MC14528B  is  a  dual,  retriggerable,  resellable  monostable 
multivibrator.  It  may  be  triggered  Irom  either  edge  of  an  input  pulse,  and 
produces  an  output  pulse  over  a  wide  range  ot  widths,  the  duration  ot 
which  is  determined  by  the  external  timing  components,  Cx  and  Rx- 


Separate  Reset  Available 

Diode  Protection  on  All  Inputs 

Triggerable  from  Leading  or  Trailing  Edge  Pulse 

Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

Pin-for-Pin  Replacement  with  the  MC14538B  and  MC14548B. 


MAXIMUM  RATINGS"  (Voltages  Referenced  10  Vss) 


Symbol 

Paramatar 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  to  +  18.0 

V 

Vjn-  Vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  VDD  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

x  10 

mA 

PD 

Power  Dissipation,  per  Package! 

500 

mW 

Tslg 

Storage  Temperature 

-65  to  +  150 

•c 

TL 

Load  Temperature  (8-Second  Soldering) 

260 

•c 

"Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Deraiing:  Plastic  "P"  Package:  -  12mW/'C  from  65°C  to  85°C 

Ceramic  "L"  Package:  -12mW7"C  Irom  100"C  to  125°C 


THE  MC14528B  IS 
NOT  RECOMMENDED  FOR  NEW  DESIGNS 


ONE-SHOT  SELECTION  GUIDE 


100  ns      1  pS      10  mS     100  »s      1  ms     10  ms    100  ms     Is       10  9 


MC14528B 
MC14536B 
MC14538B 
MC14541B 
MC1454BB 
HC453B" 


<]  

s  1 

x  

— x 

X  

 1 

t  ■- 

r ' 

%  ! 

i  s 

s  

'LIMITED  OPERATING  VOLTAGE  (2-6V) 


Total  Output  Pulse  Widlh  Range  O— 
Recommended  Pulse  Width  Range  ^— 


MC14528B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOSI 
DUAL 

RETRIGGERABLE/RESETTABLE 
MONOSTABLE  MULTIVIBRATOR 


L  SUFFIX 

CERAMIC  PACKAGE 

CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Serios:  -5S°CIO  »  125°C 

MCI 4XXXBAL  (Ceramic  Package  Only) 

C  Series:  -  40°C  10  -t- BS"C 

MCI  4XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK.  DIAGRAM 
Cx' 


j  7j~^ — Vs^~ 

n1 


■vDd 


T 


-51 


CX2 


Reset  2 


13  _T 


Rx2 


^Q2 


VDD  ~  Pin  1 6 

Vss  =  Pin  1,  Pin  8.  Pin  15 

Rx  and  Cx  are  external  components 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  10  Vss) 


VDD 

T|OW* 

25X 

Thl 

nh" 

CnArsctOfi  site 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ# 

Max 

Mtn 

Max 

Unit 

Output  Voltage 

"0"  Level 

V0L 

5.0 

_ 

0.05 

_ 

0 

0.05 

— 

0.05 

Vdc 

Y/--.  ww  V/nn  /*ir  ft 

10 

_ 

0.05 

_ 

0 

0.05 

0.05 

15 

— 

0.05 

— 

0 

0.05 

0.05 

"1"  Level 

voh 

5.0 

4.95 



4.95 

5.0 



4.95 

— 

Vdc 

Vjn  =  OotVdd 

10 

9.95 

_ 

9.95 

10 

— 

9.95 

— 

15 

14.95 

_ 

14.95 

15 

— 

14.95 

Input  Voltage 

"0"  Level 

V|L 

Vdc 

(Vo  =  4.5  or  as  Vdc) 

5.0 

1.5 

225 

1.5 

— 

1.5 

(Vo  =  9.0  or  1.0  Vdc) 

10 



3.0 



4.50 

3.0 

— 

3.0 

(Vo  =  13.5  or  1.5  Vdc) 

15 

_ 

4.0 

_ 

6.75 

4.0 

— 

4.0 

"1"  Level 

VlH 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3.5 



3.5 

2.75 



3.5 

— 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

_ 

7.0 

5.50 

— 

7.0 

— 

(Vo  =  1.5  or  13.5  Vdc) 

15 

11.0 

_ 

11.0 

8.25 

_ 

11.0 

Output  Drive  Current  (AL  Device) 

"OH 

mAdc 

(Vqh  =  2S  Vdc) 

Source 

5.0 

- 1.2 

-1.0 

- 1.7 

-0.7 

— 

(V0H  -  4.6  Vdc) 

5.0 

-0.64 



-0.51 

-0.88 



-0.36 

— 

(Voh  =  9.5  Vdc) 

10 

-1.6 

_ 

-1.3 

-2.25 

— 

-0.9 

— 

(V0H  -  13.5  Vdc) 

15 

-45 

— 

-3.4 

-8.8 

— 

—2,4 

(Vol  -  0.4  Vdc) 

Sink 

<OL 

5.0 

0.64 

— 

0.51 

0.88 

— 

0.36 

— 

mAdc 

(Vol  -  0.5  vdc) 

10 

1.6 

— 

1.3 

2.25 

— 

0.9 

— 

(Vql  =  i-s  vdc) 

15 

4  2 

—11  

8  8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

KDH 

"mAdc" 

(Voh  =  2-5  Vdc) 

Source 

5.0 

1  0 

08 

07 

-0.6 



(Voh  =  4.6  Vdc) 

5.0 

-0.52 

-0.44 

-0.88 

-0.36 

— 

(VOH  -  9.5  Vdc) 

10 

-1.3 



-1.1 

-2.25 



-0.9 

— 

(Voh  -  13.5  Vdc) 

15 

-3.6 

_ 

-3.0 

-8.B 

_ 

-2.4 

— 

(Vol  -  0.4  vdc) 

Sink 

>OL 

5.0 

0.52 

0.44 

0.88 

_ 

0.36 

— 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.3 



1.1 

2.25 



0.9 

— 

(Vql  -  i-s  vdc) 

15 

3.6 

— 

3.0 

8.B 

— 

2.4 

Input  Current  (AL  Device) 

'in 

15 

£0.1 

£0.00001 

£0.1 

— 

£1.0 

/iAdc 

Input  Current  (CL/CP  Device) 

tin 

15 

£0.3 

£0.00001 

£0.3 

£1.0 

liAdc 

Input  Capacitance 

Qn 

5.0 

7.5 

PF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

'DD 

5.0 

5.0 

0.005 

5.0 

150 

jiAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

iOD 

5.0 

20 

0.005 

20 

150 

fiAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

"Total  Supply  Current  at  an  external 
load  Capacitance  (Cl)  and  at 
external  timing  capacitance  (Cx), 
use  the  lormula  — 


Wl-  CyJ  =  KCl  +  0.36Cx)VddI  +  2x10-8  RXCX(VDD"Z)2<]  x  10-3 
where:  It  in  pA  (per  circuit),  Cl  and  Cx  in  pF,  Rx  in  megohms, 
Vqo  in  Vdc,  I  in  kH2  is  input  frequency. 


•T|o*  ■  -55°C  for  AL  Device.  -40°C  for  CL/CP  Device. 
Thigh  ■  «125°C  for  AL  Device.  +85°C  for  CL/CP  Device. 

**  The  formulas  given  aro  for  tho  typlcol  characteristics  only  at  25*C. 

#Data  Isbollod  "lyp"  la  not  to  bo  uaod  for  doalgn  purposes  but  Is 
Intondod  aa  an  Indication  ol  tho  IC'a  potontial  portormartco. 


PIN  ASSIGNMENT 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation.  V|n  and  Vout  should  be  constrained 
to  the  range  Vss  *  (vln  or  vout)  *  VDD- 

Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.. 
either  Vss  or  VDD)-  Unused  outputs  must  be  left  open. 


18lVDD 
15  ]  VSS 
14  1CX2/RX2 
13  I  Reset  2 
12  1  A2 
11  lB2 
10  lQ2 
9  1<5 
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SWITCHING  CHARACTERISTICS"  (CL  =  50  pF,  TA  =  25°C) 


Characteristic 

Symbol 

Cv 
PF 

Ry 
kn 

vdd 

Vdc 

Mln 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Time 
•TLH.  ITHL  *=  0-5  ns/pF)  Cl  +  25  ns 

•TLH.  'TKL  =  I0-55  ns/pF)  Cl  +  9.5  ns 

tTLH. 
tTHL 

5.0 
10 
15 

— 

100 
50 
40 

200 
100 
80 

ns 

Turn-Off,  Turn-On  Delay  Time  —  AocBtoOorO 

ifLH'  'rrlL  —         iRwprj  w|_  *  cw  lis* 

tpLH-  lPHL  -  (0.66  ns/pF)  Cl  +  87  ns 
tPLH.  tPHL  "  (0-5  ns/pF)  Cl  +  65  ns 

tPLH. 
tPHL 

15 

5.0 

5.0 
10 
15 

— 

325 
120 
90 

650 
240 
180 

ns 

Tum*On\  Turn*On  Delay  Time  A  or  B  to  Q  or  Q 

'PLH.  >PHL  "  I1-7  ns/pF)  Cl  +  620  ns 
tPLH.  >PHL  =  (0-66  ns/pF)  Cl  +  257  ns 
'PLH.  'PHL  "  (°-5  ns/pF)  Cl  +  185  ns 

'PLH' 
tPHL 

1000 

10 

5.0 
10 
15 

- 

705 
290 
210 

— 

ns 

Input  Pulse  Width  —  A  or  B 

tWH 

15 

5.0 

5.0 
10 
15 

150 
75 
55 

70 
30 
30 

— 

ns 

IWL 

1000 

10 

5.0 
10 
15 

— 

70 
30 
30 

— 

ns 

Output  Pulse  Width  —  Q  or  5 
(For  Cx  <  0.01     use  graph  tor  appropriate  Vdd  level.) 

tw 

15 

5.0 

5.0 
10 
15 

— 

550 
350 
300 

- 

ns 

Output  Pulse  Width  —  0  or  Q 
(For  Cx  >  0.01  pF  use  formula: 

IW  -  0.2  RX  CX  Ln  IVDD  "  VssBt 

•w 

10.000 

10 

5.0 
10 
15 

15 
10 
15 

30 
50 
55 

45 
90 
95 

AS 

Pulse  Width  Match  between  Circuits  in  the  same  package 

M  -r2 

10.000 

10 

5.0 
10 
15 

— 

pop 

25 
35 
35 

% 

Reset  Propagation  Delay— Reset  to  O  or  O 

'PLH. 
tPHL 

15 

5.0 

5.0 

to 

15 

- 

325 
90 
60 

600 
225 
170 

ns 

1000 

10 

5.0 
10 
15 

— 

1000 
300 
250 

— 

ns 

Re'.riggei  Time 

trr 

15 

5.0 

5.0 
10 
15 

0 
0 
0 

ns 

1000 

10 

5.0 
10 
15 

0 
0 
0 

ns 

External  Timing  Resistance 

Rx 

5.0 

1000 

kn 

External  Timing  Capacitance 

Cx 

No  Limits* 

Rx  is  in  Ohms,  C%  >s  in  farads,  Vqq  and  Vgg  in  volts,  PWQUt  tn  seconds. 
If  Cx  >  15  pF.  Use  Discharge  Protection  Diode  Dx,  per  Fig.  9. 

**Tho  formulas  glvon  are  for  tho  typical  characteristics  only  at  25*C. 

#Data  labelled  "Typ"  ts  not  to  bo  used  for  doslgn  purposes  but  la 
(ntondod  as  an  Indication  of  the  IC's  potential  performance 


FUNCTION  TABLE 


Inputs 

Outputs 

Reset 

A 

B 

Q  Q 

H 

J~ 

H 

JT-  IS 

H 

L 

-\_ 

TL  U 

H 

J~  ~\- 

L 

Not  Triggered 

H 

H 

Not  Triggered 

H 

L,  HA. 

H 

Not  Triggered 

H 

L 

l,  H.y 

Not  Triggered 

L 

X 

X 

L  H 

X 

X 

Not  Triggered 
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FIGURE  1  -  OUTPUT  SOURCE  CURRENT  TEST  CIRCUIT  FIGURE  2  -  OUTPUT  SINK  CURRENT  TEST  CIRCUIT 


FIGURE  3  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORMS 


soopf^;    (£)  ^g.'^,e 


A 

B 

a 

Rosot 

a 

A* 

a- 

B* 

a- 

Reset' 

— ri_ 
i  -i- 


— i  + 


90% 
10% 

Duty  Cvcl*  -  50% 


FIGURE  4  —  AC  TEST  CIRCUIT 


v00 

l  i 


Rx : 


PulM 
Generator 


Puis* 
Generator 


Puis* 
Generator 


A 

B 

Q 

Reset 

Q 

A' 

Q' 

B' 

o- 

Reset' 

•Cx  "  15  pF 
•CL  ■  16  pF 
Rx  ■  S.OkJJ 


1 


_cLJ 


INPUT  CONNECTIONS 


CHARACTERISTICS 

Reset 

A 

8 

•PLH.«PML-  'TLH,  «THL 
>W 

v00 

PG1 

Vdd 

«PLH.«PHL-  *TLH.  «THL 
«W 

Vss 

PGJ 

<PLH<RI'<PHLIRI-  <W 

PG3 

PG1 

PG2 

'Includes  capacitance  of  probes, 
wiring,  end  fixture  parotitic. 

NOTE;  AC  test  waveforms 
for  PG1.  PG2.  end  PG3  on 
next  page. 
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FIGURE  5  —  AC  TEST  WAVEFORMS 
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TYPICAL  APPLICATIONS 


FIGURE  7  —  RETRIGGERABLE 
MO  NO  STABLES  CIRCUITRY 


Riling  Edge 
Triggsi 


v00 


FIGURE  B  —  NON-RETRIQGERABLE 
MONOSTABLES  CIRCUITRY 


Rising  Edge 
Triggei 


v00 


«  RX 


Filling  Edge  Qf  B 

Trigger 


F«tllng  Edgo 
Trigger 


■PJD 


FIGURE  9  —  USE  OF  A  DIODE  TO  LIMIT 
POWER  DOWN  CURRENT  SURGE 


FIGURE  10  —  CONNECTION  OF  UNUSED  SECTIONS 


r 


v  ■  Rossi 
VDD  l- n  ^ 


-  JL  J,  vDO 


Rosot 

T 

v00 


j: 


1.15 


NC 
|  2.M 


a 

Reset 


•NC 
-NC 
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DUAL  4-CHANNEL  ANALOG  DATA  SELECTOR 

The  MC14529B  analog  data  selector  is  a  dual  4-channel  or  single 
8-channel  device  depending  on  the  input  coding.  The  device  is  suit- 
able for  digital  as  well  as  analog  application,  including  various  one- 
of-four  and  one-of-eight  data  selector  functions!  Since  the  device  has 
bidirectional  analog  characteristics  it  can  also  be  used  as  a  dual 
binary  to  1-of-4  or  a  binary  to  1-of-8  decoder. 

•  Data  Paths  Are  Bidirectional 

•  3  State  Outputs 

•  Linear  "On"  Resistance 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  ol  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Scholtky  TTL  Load  over  (he  Rated  Temperature  Range. 


MAXIMUM  RATINGS*  (Voltagos  Ftoloroncod  10  Vss> 


Symbol 

Parameter 

Valua 

Unit 

vdd 

DC  Supply  Voltago 

-0  5  to  +16  0 

V 

Virv  ^out 

Input  or  Output  Voltago  (DC  or  Transiont) 

-  0  5  to  Vqq  •  0  5 

V 

'in  ■  'out 

Input  or  Output  Curront  (DC  or  Transtonl).  por  Prn 

z  10 

mA 

PD 

Powor  Dissipation,  por  Packagot 

500 

mW 

Tslq 

Storago  Tomporaturo 

-  65  10  -  150 

•c 

\ 

Load  Tomporaturo  (8-Socond  Soldonng) 

260 

•c 

'Maximum  Ratings  aro  thoso  valuos  boyond  which  damago  10  tho  dovico  may  occur 
tTemporatu»o  Doraling    Plastic  "P"  Packago      12mW'°C  Irom  65"C  to  85X 

Coramic  "L"  Packago:      12mW.°C  Irom  100'C  to  125DC 


TRUTH  TABLE 


STX 

STy 

B 

A 

z 

w 

1 

0 

0 

xo 

YO 

1 
1 
1 

0 
1 
1 

1 
a 
i 

XI 
X2 
X3 

Y1 

YZ 
Y3 

0 

0 

0 

XO 

0 

0 

i 

X1 

0 

1 

0 

X2 

0 

1 

1 

X] 

0 

1 

0 

0 

YO 

0 

1 

0 

1 

Y1 

0 

1 

1 

0 

Y2 

0 

t 

1 

1 

Y3 

0 

0 

X 

X 

High 
Imparlance 

Dual  4  Channel  Mod* 
2  Outputi 


Single  8'Channal  Mod* 
1  Output 

(Z  and  W  tltd  together) 


X  -  Don't  Cwrm 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation,  Vjn  and  V0U(  should  be  constrained 
to  the  range  Vss  *  (Vjn  or  Vou()  <  VDD. 

Unused  inputs  must  always  be  lied  to  an  appropriate  logic  voltage  level  (e.g., 
either  Vss  or  ^DD)-  Unused  outputs  must  be  left  open. 


MC14529B 


CMOS  MSI 

ILOW  POWER  COMPLEMENTARY  MOSI 

DUAL  4-CHANNEL  ANALOG 
DATA  SELECTOR 
OR 

8-CHANNEL  ANALOG 
DATA  SELECTOR 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -55"Cto  +  125'C 
MCI4XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40°Clo  +  85'C 
MCI4XXXBCP  (Plaslic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 


3  Stat*  Output  Enabla 
Strobe  X  1  O 


Straba  Y  15  O 


'OD 
VSS 


■  Pin  16 
•  Pin  B 
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ELECTRICAL  CHARACTERISTICS  (Voitsgoe  Rsfoioncm)  to  vss) 


ft          1     '  -■ 

SjnmwOWnttmt 

Figure 

Symbol 

vss 

VDD 

26°C 

Thkjh* 

Unit 

Vdc 

Vdc 

— - — 

Mtn 

Mu 

Mln 

Typ# 

Mix 

Mln 

Max 

r^ifiMt*  \jj "ft"  i  ami 

UUtpUt  VMUQB                                                       V  LtWI 

vOL 

— — 

S3 

_ 

0.05 

0 

036 

0.05 

Vi    s  n 
vin  u 

10 

_ 

0.06 

_ 

0 

0.05 

_ 

0.05 

16 

- 

0.06 

- 

0 

035 

- 

0.05 

"1"  Levtl 

Vnu 

03 

6  J) 

438 

- 

436 

6.0 

- 

436 

- 

10 

935 

- 

B.95 

10 

- 

935 

- 

vin  =  V00 

16 

1436 

— 

1435 

16 

1435 

Input  Voltagt                                     "0"  Low) 

2 

V|L 

0.0 

Vdc 

(VO-4.6ch-0J  Vdc) 

5.0 

- 

1.S 

- 

2.26 

1.5 

- 

1  6 

<V0- 9.0  or  1.0  Vdc) 

10 

- 

3.0 

- 

430 

3.0 

- 

33 

(Vo>  13.5  or  1.6  Vdc) 

16 

- 

4.0 

— 

6.75 

4.0 

— 

4.0 

<Vq  ■  0.5  or  43  Vdc)                          "1 "  Level 

V|H 

0.0 

6.0 

3.S 

- 

3.6 

2.76 

- 

3.5 

- 

(V0- 1.0  or  9.0  Vdc) 

10 

7.0 

- 

73 

630 

- 

7.0 

- 

(Vq"  1.6  or  13.5  Vdc) 

16 

11 

- 

11 

8.25 

— 

11 

- 

Input  Current  (AL  Device)  Control 

■in 

03 

IS 

10.1 

10.00001 

10.1 

il.O 

liAdc 

Input  Current  (CL/CP  Device)  Control 

■in 

03 

IS 

tOJ 

— 

lOXMOOl 

10.3 

11.0 

pAdc 

Input  Capacitance  (Vin  -  0) 

Cln 

0.0 

pF 

Control 

- 

- 

S3 

73 

- 

- 

Switch  Input 

_ 

8.0 

Switch  Output 

- 

_ 

_ 

_ 

20 

_ 

_ 

_ 

Feed  Through 

_ 

_ 

0.3 

_ 

_ 

_ 

uuinwni  Mil  ••hi  iMk  VMtnMi 

3 

— :  

■DD 

5.0 

1.0 

0.001 

1.0 

60 

«Adc" 

10 

1.0 

0.002 

1.0 

60 

16 

2.0 

0.003 

23 

120 

Qulnctnt  Curraat  (CL/CP  Device) 

3 

■dd 

6.0 

6.0 

0301 

5.0 

70 

pAdc 

(Per  Package) 

10 
16 

_ 

5.0 
10 

_ 

0.002 
0303 

5.0 
10 

— 

70 
140 

"ON"  Rstiltanco  (AL  Device) 

4.6.6 

"on 

n 

(VC-V0D."L- WMII 
(V|„  -  +63  Vdc) 

-b  0 

6.0 

400 

— 

200 

480 

— 

640 

(V|„--S.0Vde) 

400 

200 

480 

640 

(V|„  •  10.25  Vdc) 

- 

400 

- 

190 

480 

- 

640 

(V|n  -  +7.5  Vdc) 

-73 

73 

_ 

240 

_ 

160 

270 

— 

400 

•Vin  -  -7.6  Vdcl 

_ 

240 

_ 

160 

270 

400 

(V|„  - 10.26  Vdc) 

— 

240 

120 

270 

400 

(V|n  -  +10  Vdcl 

0 

10 

400 

180 

460 

640 

1  Vin  "  +0.26  Vdcl 

400 

180 

480 

640 

( V|n  -  +6.6  Vdcl 

400 

220 

480 

640 

<V|n  "+16  Vdc) 

0 

15 

270 

400 

(V[„  -  +0.26  Vdcl 

- 

260 

- 

180 

270 

400 

(V(n  »  +9.3  Vdcl 

250 

216 

270 

- 

400 

"ON"  Resittance  (CL/CP  Device) 

4,6.6 

"on 

n 

(Vc-Vod."L-10 
(VIn-+83Vdc) 

-6.0 

6.0 

410 

200 

480 

560 

<Vln--63Vde) 

480 

560 

(V(n  -  +0.26  Vdcl 

410 

190 

480 

560 

(V|n  "  +73  Vdcl 

-7.5 

7.6 

250 

160 

270 

(V(„  -  -73  Vdcl 

260 

160 

270 

350 

(V|n  •  10.26  Vdc) 

250 

120 

270 

360 

\  V jp     '  1  u  voci 

q 

10 

410 

180 

480 

660 

(V|n- +0.26  Vdc) 
(V|„  -  +6*  Vdc) 
(V|„-+16Vdel 

0 

16 

410 
410 

250 

180 
220 
180 

480 
480 
270 

560 
560 
350 

<V|„  -  +0.26  Vdcl 

250 

180 

270 

350 

(V|n  ■  +9.3  Vdc) 

260 

216 

270 

350 

a  "ON"  Ratlrtmee. 

""on 

n 

Between  any  2  drculn  In  a  common  package 

(Vin  •  16.0  Vdc) 

-SjO 

5.0 

16 

<V(n- 17.6  Vdc) 

-73 

7.5 

10 

*Tlow  "  -BG°C  for  AL  Device,  -40°C  for  CL/CP  Device 
*Thlgh  "  +126°C  for  AL  Device.  +86°C  for  CL/CP  Device. 

#Data  labelled  "Typ"  is  not  to  bo  used  (or  design  purposes  but  is  intended  as  an  indication  ot 
the  iC's  potential  performance. 
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SWITCHING  CHARACTERISTICS  (TA  -  2S°CI 


Characteristic 

Figure 

Symbol 

vSs 

VDD 

Mln 

Typ  # 

Max 

Unit 

V[n  to  V0U|  Propagation  Delay  Time 
(Ci_  -  50  pF,  H|_  =  1 .0  kn) 

7 

1pLH>  'PHL 

0.0 

5.0 
10 
15 

20 
10 
8.0 

40 
20 
15 

ns 

Propagation  Dolay  Time.  Control  to 
Output.  Vin  -  VDD  or  vss 
(CL-50  pF.  RL-1.0  kn) 

8 

'PLZ-  'PZL- 
•PHZ-  1PZH 

0.0 

5.0 
10 
IS 

- 

140 
70 
50 

400 
1S0 
120 

ns 

Crosstalk.  Control  to  Output 
(Ci_=50  pF,  RL-1.0  kn 
Rom-  to  kn) 

9 

0.0 

5.0 
10 
15 

5.0 
5.0 
5.0 

mV 

Control  Input  Pulse  Froquoncy 

(CL  =  so  pF.  nL  -  i.o  kn) 

10 

'in 

0.0 

5.0 
10 
15 

- 

5.0 
10 
12 

2.5 
6.2 
8.3 

MHz 

Noise  Voltage 
(r- too  Hz) 

11,12 

0.0 

5.0 
10 
15 

5.0 
10 
15 

- 

- 

24 
25 
30 

12 
12 
15 

- 
- 

nV 
\J  cycle 

Sine  Wave  Distortion 
(Vln-1.77  Vdc  RMS 
Centered  @  0.0  Vdc, 
RL=  10  Ml.  1-1.0  kHz) 

- 

- 

-5.0 

5.0 

0.36 

% 

Oil-Channel  Leakage  Current 
(V|n-  +5.0  Vdc.  Vou,=  -5.0  Vdc) 
(Vln-  -5.0  Vdc.  V„ut-  +5.0  Vdc) 
(V|„-  +7.5  Vdc.  Voul-  -7.5  Vdc) 
(V|„-  -7.5  Vdc.  Vout-  +7.5  Vdc) 

-5.0 
-SO 
-7.5 
-7.5 

5.0 
5.0 
7.5 
7.5 

- 

=  0.001 
i  0.001 
±0.0015 
±0.0015 

±125 
±125 
±250 
±250 

nA 

Insertion  Loss 
<V|„=  1.77  Vdc 
RMS  centered  @  0.0  Vdc. 

1-1.0  MHz) 

13 

-  5.0 

5.0 

0B 

l|o„-20Log,0  ^ 

vin 

(RL=  1.0  kn) 
(R|_=  10  kfl) 
(Rl-100  Ml) 
(RfLO  MSI) 

- 

- 

2.0 
0.8 
0.25 
0.01 

- 
- 

Bandwidth  (-3  dB) 
(Vtn  -  1.77  Vdc 
RMS  centered  @  0.0  Vdc) 

=  '  iU  KXl) 

(RL-io  kn> 
(RL-ioo  kn) 

(Rl_=1.0  Mtt) 

- 

BW 

-5.0 

5.0 

28 
27 
25 

MHz 

Feedthrough  and  Crosstalk 

-5.0 

5.0 

MHz 

ZOLogto  ^y>-  -  SOdB 
*in 

(Rl-i.o  kn) 
(RL-io  kn) 

(RL=100  kn) 

(Rl-i.o  Mn> 

850 
100 
12 

1.5 

#0ala  labetlod  "Typ"  is  nol  to  be  used  for  design  purposes  but  is  Intended  as  an  Indication  of  the  IC's  potential  performance. 
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FIGURE  1  -  OUTPUT  VOLTAGE 
TEST  CIRCUIT 


FIGURE  2  -  NOISE  IMMUNITY 
TEST  CIRCUIT 


v0O 


FIGURE  3  — QUIESCENT  POWER  DISSIPATION 
TEST  CIRCUIT 


Pins  2,  3,  4. 12, 13  and  14  are  left  open. 
V|l:  Vq  is  raised  from  Vgg  until  Vc  -  V»_. 

at  VC  -  V|L:  IS  -  - 10  ,.A  with  Vin  -  VSS.  V0lI,  =  VDD 

V|„  -  V0D.  Vow  ■  VSS- 

V|h:  When  Vc  =  V[h  to  Vq[),  the  switch  is  ON  and  the  Ron 
specifications  are  met. 

FIGURE  4  -  R0n  CHARACTERISTICS 
TEST  CIRCUIT 


ST„  -  STy  -  V00 


?vDD 


Puts* 

Generator 

'e  AO.AI 

Vss|      Vln  | 


Vss 


O  Out 


TYPICAL  Rqn  nun  INPUT  VOLTAGE 


FIGURE  6 


vbd-sv 

vss 

■-SV 

VQO 

7.5  V 
-7.5V 

vss 

-5  0  5 

Vi„.  INPUT  VOLTAGE  (Vdc) 


P 


VOO-10V 

vss 

■  ov 

voo 

■15  V 

vss 

■  ov 

S  10  IS  20 

Vin.  INPUT  VOLTAGE  (Vdcl 
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FIGURE  7  -  PROPAGATION  DELAY  TEST  CIRCUIT  FIGURE  8  -  TURN-ON  DELAY  TIME  TEST  CIRCUIT 

AND  WAVEFORMS  AND  WAVEFORMS 


FIGURE  0  -  CROSSTALK  TEST  CIRCUIT  FIGURE  10  -  FREQUENCY  RESPONSE  TEST  CIRCUIT 
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FIGURE  13  -  TYPICAL  INSERTION  LOSS/BANDWIDTH 
CHARACTERISTICS 


a  -20 

O 

o  -4-0 
ir 
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llll   1  1 

n«ao  iqo  kn 

10  Ul 
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1 

| -3.0  dB  I R  l-1.0  MID' 

1  -jiod'aiflV' tbkni' 

1 

-j 

0 

B(RL 

■  1.01 

SI 

ill 

: 

PIN  ASSIGNMENT 


16 
15 


13 
12 


10 

9 


tOOk  TOM  10M 

•in.  INPUT  FREQUENCY  IHt) 


LOGIC  DIAGRAM 


VOD  ■  PI" 

VSS  -  Pin  B 


2 

xo  o— 


3 

XI  o- 


4 

X2  o- 


S 

X3  o- 


14 

VO  O— 


13 
Y1  o— 


12 

V2  O— 


11 

Y3  O— 
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3> 


0- 
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DUAL  5-INPUT  MAJORITY  LOGIC  GATE 

The  MC14530B  dual  five-input  majority  logic  gate  is  constructed 
with  P -channel  and  N-channel  enhancement  mode  devices  in  a  single 
monolithic  structure.  Combinational  and  sequential  logic  expressions 
are  easily  implemented  with  the  majority  logic  gate,  often  resulting 
in  fewer  components  than  obtainable  with  the  more  basic  gates.  This 
device  can  also  provide  numerous  logic  functions  by  using  the  W  and 
some  of  the  logic  (A  thru  E)  inputs  as  control  inputs. 


•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Voltages  Relerenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

Vdd 

DC  Supply  Voltage 

-0.5  to  +  18. 0 

V 

vin-  voul 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  VDD  -0.5 

V 

'jn<  'out 

Input  or  Output  Current  (DC  or  Transiont),  per  Pin 

r  10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

'■'« 

Storage  Temporaturo 

-65  to  -H50 

•c 

Lead  Temporaturo  (8-Socond  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  lo  the  device  may  occur, 
t  Temperature  Derating:  Plastic  "P"  Package:  -  i2mW7"C  from  65BC  to  85eC 

Ceramic  "L"  Package:  -12mW/*C  from  100°C  to  125*0 


LOGIC  TABLE 


INPUTS  A  B  C  D  E 

W 

z 

For  ill  combination!  of  inputi  whin  ihraa 
or  mora  input!  art  logical  "0  . 

0 

1 

1 

0 

For  all  cambinatiom  of  input*  whin  thro* 
or  more  inputs  ara  logical  "1". 

0 

0 

1 

1 

This  device  contains  protection  circuitry  to  guard  against  damage  due 
to  high  static  voltages  or  electric  lields.  However,  precautions  must  be 
taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For  proper  operation,  Vjn  and 
VOU(  should  be  constrained  to  the  range  Vg$  «;  (Vjn  or  Vouj)  «  VQD- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  IbvgI 
(e.g.,  either  Vgg  or  Vqq).  UnusBd  outputs  must  be  left  opBn. 


MC1453QB 


CMOS  SSI 

I  LOW  POWER  COMPLEMENTARY  MOSI 

DUAL  5-INPUT  MAJORITY 
LOGIC  GATE 


r\  II 11111 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Soties:  -  55'C  10  +1 25'C 
MC14XXXBAL  (Ceiamic  Packago  Only) 

C  Senes:  -  40*C  lo  +  8S°C 

MC14XXXBCP  (Plaslic  PBCkage) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 


30^ 


•  Z  -  M5  0  w  -  I ABC» ABD»ABEt ACCH 
ACE* ADE+BCD+BCE+ 
BOE'CDEtSW 


"M5  It  a  logical  "V  If  any  thr»«  or  mora 
input!  ara  logical  "1". 


Excluslva  NOR  =  Excluilv*  OR 


THUTH  TABLE 


M5 

w 

z 

0 

0 

1 

0 

1 

0 

1 
1 

0 

1 

□ 
1 

Vss  -  Pin  8 
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ELECTRICAL  CHARACTERISTICS  (Votogoa  Referenced  to  Vss) 


VDD 

Tlow" 

25"C 

Thl 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Unit 

Output  Voltage 

"0"  Level 

Vol 

5.0 

— 

0.05 

— 

0 

0.05 

0.05 

Vdc 

vin  -  VDD  ° 

10 

— 

0.05 

— 

0 

0.05 

0.05 

15 

— 

O.OS 

— 

0 

O.OS 

0.05 

"1"  Level 

voh 

5.0 

4.95 



4.95 

5.0 

— 

4.95 

— 

Vdc 

Vin  =  OotVdd 

10 

9.95 

— 

9.95 

10 

— 

9.95 

15 

14.95 

— 

14.95 

15 

— 

14.95 

Input  Voltage 

"0"  Level 

vil 

Vdc 

(Vo  =  4.5  or  0.5  Vdc) 

5.0 



1.2 



2.25 

1.25 

115 

(Vo  «  9.0  or  1 .0  Vdc) 

10 

— 

23 



4.50 

2.5 

2.4 

(Vo  =  13.5  or  1.5  Vdc) 

15 

— 

3.0 

— 

6.75 

3.0 

— 

2.9 

"1"  Level 

VlH 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3.85 



3.75 

2.75 

3.75 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.6 

7.5 

5.50 

— 

7.5 

— 

(vo  —  l.l>  or  Id. 9  VQCJ 

15 

12.1 

— 

12 

8.25 

— 

12 

Output  Drive  Current  (AL  Device) 

'OH 

mAdc 

(Voh  =  25  Vdc) 

Source 

5.0 

-3.0 



-2.4 

-4.2 



-1.7 

— 

(V0H  =  4-6  Vdc) 

5.0 

-0.64 



-0.51 

-0.88 



-0.36 

(VOH  =  9-5  Vdc) 

10 

-1.6 

— 

-1.3 

-2.2S 

— 

-0.9 

— 

(V0H  -  13.5  Vdc) 

15 

-4.2 

— 

-3.4 

-8.8 

— 

—2.4 

(Vol  =  o.4  vdc) 

Sink 

"OL 

5.0 

0.64 



0.51 

0.88 



0.36 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.6 

- 

1.3 

2.25 

- 

0.9 

— 

(vol  =  1-5  vdc) 

15 

4.2 

3.4 

8.8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

k3H 

mAdc 

(Voh  =  25  Vdc) 

Source 

5.0 

-2.5 

-2.1 

-4.2 

-1.7 



(Vqh  -  4.6  voc) 

5.0 

-0.52 

_ 

-0.44 

-0.88 

_ 

-0.36 

- 

(v0H  =  9.5  voc) 

10 

-1.3 

— 

-1.1 

-2.25 

— 

-0.9 

— 

(Voh  =  i3-5  vdc) 

15 

-3.6 

— 

-3.0 

-8.8 

— 

-2.4 

— 

(Vol  =  0.4  vdc) 

Sink 

lOL 

5.0 

0.52 

_ 

0.44 

0.8B 

_ 

0.36 

— 

mAdc 

(vol  =  0.5  vdc) 

10 

1.3 

— 

1.1 

2.25 

— 

0.9 

— 

(vql  =  1.5  vdc) 

15 

3.6 

— 

3.0 

8.8 

— 

2.4 

Input  Current  (AL  Device) 

■in 

15 

_ 

£0.1 

_ 

=0.00001 

±0.1 

— 

-  1  0 

MAdc 

Input  Current  (CL/CP  Device) 

Vn 

15 

±0.3 

±0.00001 

±0.3 



±1.0 

MAdc 

Input  Capacitance 

Cin 

_ 

— 

— 

5.0 

7.5 

PF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 



DD 

5.0 

— 

0.25 

0.0005 

0.25 

7.5 

fiAtic 

(Per  Package) 

10 

0.50 

0.0010 

0.50 

— 

15 

15 

1.00 

0.0015 

1.00 

30 

Quiescent  Current  (CL/CP  Device) 

'DO 

5.0 

1.0 

0.0005 

1.0 

7.5 

fiAdc 

(Per  Package) 

10 

20 

0.0010 

2.0 

15 

15 

4.0 

0.0015 

4.0 

30 

Total  Supply  CurrenP't 

IT 

5.0 

IT  =  (0.75  nA/kHz(  1  +  Iqq 

MAdc 

(Dynamic  ptus  Quiescent, 

10 

IT  -  (1.50/iA/kHz)f  +  IDD 

Per  Package) 

15 

IT  =  (2  25  (lA/kHz)  t  +  IDD 

(Cl  =  50  pF  on  all  outputs. 

an  butters  switching) 

"Tlow  -  -  55*C  tor  AL  Dovlco,  -  40*C  ro»  CL/CP  Dovico.  -(To  calculate  total  supply  currant  at  toads  other  than  SO  pF: 

T^igh  -  +12S*C  tor  AL  Dovlco.  +  85*C  tor  CL/CP  Dovioa. 

lT(CLl  =  'TOOpF)  t-  <CL  -50)  Vtk 

#Data  labelled  "Typ"  la  not  to  be  used  for  design  purposes  but  Is 
Intended  as  an  Indication  of  the  IC's  potential  pertormanco.  where:  It  '»  tn  t*A  (por  package).  C[_  In  pF.  V  »  (Vqq  -  Vggl  In  votta, 

t  in  kHz  la  Input  Iroquoncy.  and  k  -  0.002- 

"Tho  formulas  given  aro  tor  tho  typical  charoctorlstict  only  at  2S*C. 


PIN  ASSIGNMENT 


1 

aa 

VDD 

16 

2 

Zb 

15 

3 

cA 

wB 

14 

4 

1= 

°A 

EB 

13 

5 

cz 

EA 

DB 

12 

6 

(= 

wA 

<=B 

11 

7 

zA 

BB 

10 

8 

vss 

*B 

=3 

9 
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SWITCHING  CHARACTERISTICS*  (CL  =  50  pF,  TA  =  25°CI 


Characteristic 

Symbol 

V0D 

Min 

Typ* 

Max 

Unit 

Output  Rise  and  Fell  Time 

•tlh. 

ns 

tjLH>  'THL  =  C-5  ns/pF)  C|_  +  25  na 

>THL 

5.0 

- 

100 

200 

'TLHi  'THL  =  (°-7s  nsfpF)  Cl  +  12  S  n» 

10 

- 

50 

100 

1fLHa  'THL  ™  (0-5S  na/pF)  Cl  +  9.5  ns 

15 

— 

40 

60 

Propagation  Delay  Time 

'PLH 

ns 

A,  C,  W  »  Vqd:  8,  E  ■  Gnd;  D  a  Pulse  Generator 

tPLH  ■  (1.7  ns/pFI  C\_*  290  n> 

5.0 

- 

375 

960 

*PLH  "  10.66  ni/pFI  Cl  +  127  ni 

10 

- 

160 

400 

tpLH  "  '0.5  ni/pF)  Cl  +  85  n> 

15 

- 

110 

300 

tpHL  "I'-7  ni/pF)  Cl  +  345  n» 

'PHL 

5.0 

- 

430 

1200 

ns 

tpHL  *  (0.66  lU/pF)  Cl  +  162  m 

10 

- 

195 

540 

tpHL  "  (°-s  ns/pFI  Cl  +  95  ni 

15 

- 

120 

410 

A,  8.  C.  D.  E  -  Pulse  Generator:  W  ■  VDD 

<PLH 

ns 

'PLH  "  ".7  ru/pF)  Cl  +  170  ns 

5.0 

255 

840 

tpLH  *  (0-66  ns/pFI  Cl  +  87  ns 

10 

120 

300 

tpLH  "  10.5  ns/pF)  Cl  +  60  ns 

15 

85 

210 

tpHL  ■  (1.7m/pFI  Cl+  195  ns 

tPHL 

5.0 

280 

750 

ns 

tpHL  *  10.66  ns/pF)  Cl  *  92  ns 

10 

125 

330 

tpHL  "  10.5  ns/pFI  Cl  +  75  ns 

IS 

100 

250 

A,  8,  C.  D.  E  ■  Gnd;  W  >  Pulse  Generator 

'PLH. 

ns 

tPHL.«PLH  "  (1-7  ns/pFI  Cl+  145  ns 

'PHL 

5.0 

230 

575 

»PHL.  tpLH  *  <0  66  ns/pF>  Cl  *  72  ns 

10 

105 

285 

tpHL.  tpLH  "  '0.5  ns/pF)  Cl  +  SO  ns 

15 

75 

190 

*Tho  formulas  given  are  tor  the  typical  characteristic*  only  at  25*C. 


#0afe  fabfltlad  "Typ"  Is  not  to  be  usod  for  doatgn  purposes  but  Is 
intondod  as  an  Indication  oJ  the  IC's  potential  portormanco. 


FIGURE  1  -  POWER  DISSIPATION  TEST 
CIRCUIT  AND  WAVEFORM 


Pulse 
Generator 


20  ns         20  n* 
rln  1.-  Duty  .J*—  V; 


DO 
Vss 


z 

— o- 
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SEQUENTIAL  LOGIC  APPLICATIONS 
COINCIDENT  FLIP-FLOP 


30t 


X 

V 

0 

0 

0 

0 

1 

a 

1 

0 

Q 

1 

1 

i 

A  (Hp  flop  that  will  change  only  when  both  inputs  agree 


ASTABLE  MULTIVIBRATOR 


X 

V 

On«l 

0 
0 
1 
1 

0 

1 

0 

1 

1 

2r 
It 
0 

A  (lip-flop  with  three  output  conditions,  where  the  third  state  is 
in  oscillation  between  "1"  and  "0".  The  period  of  oscillation 
is  twice  the  delay  of  the  gate  and  the  feedback  element. 


COINCIDENT  FLIP-FLOP 


•x 

V 

z 

Qn»l 

0 

a 

0 

0 

0 

D 

1 

°n 

0 

i 

0 

°n 

0 

i 

1 

°n 

1 

0 

0 

°n 

1 

0 

1 

On 

1 

1 

0 

0* 

1 

1 

1 

1 

The  flip-flop  changes  state  only  when  all  "1's"  or  all  "O's"  are 
entered,  This  configuration,  may  be  extended  by  cascading  M5 
gates  to  cover  n-inputs  where  all  inputs  must  be  "I  s"  or  "O's" 
before  the  output  will  change.  As  an  example,  this  configuration 
is  useful  for  controlling  an  n -stage  up/down  counter  that  is  to  cycle 
from  a  minimum  to  maximum  count  and  back  again  without 
flipping  over  (from  all  "1's"  to  aCI  "O's".) 
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BASIC  COMBINATIONAL  FUNCTIONS 


5-lnpul  Majority  Gate* 


3-lnput  Maiorny  Gates 


—  e  —  b 


3-lnput  OR  Gate 


3-lnput  NOR  Gate 


B  AND3  —  q  N  At 


3-lnpul  ANO  Gal* 


3-lnput  N AND  Gate 


DOUBLING  THE  WEIGHT  OF  INPUT  VARIABLE  A 
BY  TYING  IT  TO  ANY  TWO  INPUTS 


—  C 

—  O 


(AO- AO  AO'OCOI®  W 


CORRELATION  OF  MULTIPLE  SAMPLES 
WITH  A  TEST  BIT 


jFf!    z  W,T 

^  j^JV—  Correlate 


on  of  60%.  80%.  100% 


The  gate  will  have  a  "I"  output 
if  the  test  bit  To  matches  or  cor> 
relatet  with  3.  4  or  5  of  tho  sample 


1  o   — 1   —  " 

.  ,  bits  SO  S4 

To—  A  I 


To   

To  — 
To  — 

50  — 

51  — 

52  — 


^  ^  Correlation  of  10 


5  INPUT  MAJORITY  LOGIC  GATE  APPLICATIONS 


Each  package  labeled  M5  is  a  single  majority  logic  gate 
using  five  inputs,  A  thru  E,  and  one  output  Z. 


Majority  Logic  Gate  Array 
ytclding  the  symetric  function 
of  1  thru  7  variables  true,  out 
of  7  input  variables  <  X 1  .   .  X7) 


<e  g  .  if  any  two  input  variables 
■re  true  (logical  "  t"  I.  Z 1  and 
22  are  true  (logical  "1") 


0- 
0- 


"5 


0- 

o- 


MS 


M5 


1_ 
1  - 


0- 

0- 
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12-BIT  PARITY  TREE 

The  MC14531B  12  bit  parity  tree  is  constructed  with  MOS  P- 
channel  and  N-channel  enhancement  mode  devices  in  a  single  mono- 
lithic structure.  The  circuit  consists  of  12  data-bit  inputs  (DO  thru 
Dl  1).  and  even  or  odd  parity  selection  input  (W)  and  an  output  (Q). 
The  parity  selection  input  can  be  considered  as  an  additional  bit. 
Words  of  less  than  13  bits  can  generate  an  even  or  odd  parity  output 
if  the  remaining  inputs  are  selected  to  contain  an  even  or  odd  num- 
ber of  ones,  respectively.  Words  of  greater  than  12-bitscan  be  ac- 
commodated by  cascading  other  MC14531B  devices  by  using  the  W 
input.  Applications  include  checking  or  including  a  redundant  (par- 
ity) bit  to  a  word  for  error  detection/correction  systems,  controller 
for  remote  digital  sensors  or  switches  (digital  event  detection/cor- 
rection), or  as  a  multiple  input  summer  without  carries. 

•  Supply  Voltage  Range  -  3.0  Vdc  to  18  Vdc 

•  All  Outputs  Buffered 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Scholtky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Variable  Word  Length 

•  Diode  Protection  on  All  Inputs 


MAXIMUM  RATINGS*  (Voltages  Relerenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-  0.5  to  *  18.0 

V 

V,n.  Vou, 

input  or  Output  Voltage  (DC  or  Transient) 

-  0.5  to  Vqd  +  0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

i  10 

RlA 

Pd 

Power  Dissipation,  per  Packaget 

500 

mW 

TSlQ 

Storage  Temperature 

-65  lo  -  150 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  (he  device  may  occur 
tTemperature  Derating:  Plastic  "P"  Package.  -  12mW/'C  from  65°C  10  85°C 

Ceramic  "L"  Package:  -12mW/BC  Irom  100'C  to  125°C 


LOGIC  DIAGRAM 


<JDO  ■  Pin  16 


Q-DO0D1©D20    ..  ©D110W 


MC14531B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOS) 
12-BIT  PAR  IT  Y  TREE 


L  SUFFIX 
CERAMIC  PACKAGE 


P  SUFFIX 
PLASTIC  PACKAGE 

CASE  648 


CASE  620 

ORDERING  INFORMATION 

A  Sorios:  -  55*C  10  +  125*C 
MC14XXXBAL  (Coramic  Package  Only) 

C  Seiiea:  -  40'C  lo  +  85'C 

MC14XXXBCP  (Plamic  Packags) 
MCUXXXBCL  (Ceiamic  Package) 


TRUTH  TABLE 

INPUTS 

OUTPUT 

DECIMAL 

lOCTALI 

W 

DM 

□  10 

02 

Dl 

00 

EQUIVALENT 

a- 

D 

0 

a 

L< 

0 

0  lOl 

a 

□ 

0 

□ 

0 

a 

1  dl 

□ 

0 

0 

0 

a 

3  131 

0 

0 

a 

a 

i 

3  131 

□ 

0 

0 

a 

0 

0 

*  141 

0 

a 

0 

a 

S  151 

0 

□ 

a 

□ 

a 

6  I6l 

0 

0 

0 

a 

?  171 

0 

0 

a 

BIB4  1 1  7  7701 

a 

a 

□ 

B1B5  1177/1] 

□ 

a 

B1B6  1 1 1  7131 

0 

B1B7  1 1  1  773! 

a 

i 

□ 

a 

BIBS  1117741 

0 

BIBS  11171b. 

0 

a 

B190  1177761 

0 

i 

8191  1117)71 

•o 

E  .ar 

MO 

u.I  tec;. canon  b 

Odd 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  lo  vss) 


VDD 

Tlow* 

25°C 

Thi»h* 

Characteristic 

Symbol 

Vdc 

Min 

My* 

Min 

Typ# 

Max 

Min 

Mi* 

— — 

Unit 

Output  Voltage               "0"  Level 

vOL 

SO 

0.05 

0.05 

Vdc 

Vin  -  Vnn  or  0 
in  uu 

10 

Q 

0  05 

0  05 

15 

0.05 

o 

0.05 

0.05 

"V  Level 

vOH 

5.0 

4  95 

4.95 

5  0 

~ 

4.95 

Vdc 

Vjn  =  0  or  Vqo 

10 

9.95 

9.95 

10 

9.95 

15 

14.95 

14.95 

15 

_ 

14.95 

Input  Voltage                     "0"  Level 

VlL 

Vdc 

(V0  =  4.S  or  0.5  Vdc) 

5.0 

1 .5 

2.25 

1  5 

1  5 

(V0  -  9  0  or  1.0  Vdc) 

10 

3.0 

4.50 

3.0 

3.0 

(Vq  -  13  5  or  1.5  Vdc) 

15 

4.0 

6  75 

4.0 

_ 

4.0 

Level 

VlH 

{Vq  -  0.5  or  4.5  Vdc) 

5.0 

3.5 

_ 

3.5 

2.75 



3.5 



Vdc 

(V0  =  1.0  or  9.0  Vdc) 

10 

7.0 

_ 

7.0 

5.50 



7.0 



(Vq  =  15  or  13.5  Vdc) 

15 

11.0 



11.0 

8.25 



11.0 



Output  Drive  Current  (AL  Device) 

'OH 

mAdc 

IVqh  a  2  5  Vdc)  Source 

5.0 

-3.0 

-2.4 

-4.2 

-1.7 

1VOH  =  4.6  Vdc) 

5.0 

 Q 

_ 

—0  51 



 0  3g 

_ 

IVoh^S  S  Vdc) 

10 

- 1.6 



- 1.3 

—  2.25 



—  0.9 



'VoH~13-5  Vdc) 

15 

-4.2 

_ 

-3.4 

-8.8 

— 

-2^4 

— 

<VOL»0.4  Vdc)  Sink 

lOL 

5.0 

0.64 



0.51 

0.88 

_ 

0.36 



mAdc 

(V0|_  ~o  s  Vdc» 

10 

1.6 

— 

1.3 

2.25 

- 

0.9 

— 

(Vol"1 -5  vdc) 

15 

4.2 

— 

3.4 

88 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

(Vqh  a  2.5  Vdc)  Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

-1.7 

— 

i  W  —  .  .  •»  A  ft  \fr4f  I 

'"OH  "OC* 

5  0 

-0.52 

— 

-0.44 

-0.88 

— 

-0.36 

— 

'"OH  vuci 

10 

- 1.3 

— 

-1.1 

-2.25 

— 

-0.9 

— 

—  J.O 

— 

•a  n 
—  .s.u 

—  8.8 

—  2.4 

(Vol  a  0.4  Vdc)  Sink 

'OL 

5.0 

0.52 

— 

0.44 

0.88 

— 

0.36 

— 

~mAd — 
m  c 

'   OL  vut^ 

10 

13 

— 

1.1 

2.25 

— 

0.9 

— 

15 

3.6 

— 

3.0 

8.8 

24 

— 

Input  Current  (AL  Device) 

'in 

15 

— 

20  1 

1 0  00001 

•0  1 

— 

HO 

gjAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

_ 

103 

5  0  00001 

10  3 

— 

11.0 

liAdc 

Input  Capacitance 

c,„ 

— 





50 

7.5 





pF 

IVio-0) 

Quiescent  Current  (AL  Device) 

<OD 

5.0 

50 

0.005 

50 

150 

pAdc 

IPei  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.013 

20 

600 

Quiescent  Current  (CL/CP  Device) 

'DO 

SO 

20 

0.005 

20 

150 

uAdc 

(Per  Packagel 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current ' '  t 

'T 

5.0 

lT  =(0.25  (.A/kHi)  1  •  |0D 

jiAdc 

(Dynamic  plus  Quiescent, 

10 

IT  °  (0.50  nACkHi)  1  «  lD0 

Per  Package) 

15 

'T  =10.75  MA/kHi)  1  •  lDD 

(Cl  a  50  pF  on  all  outputs,  all 

buffers  switching) 

*Tlow"  -55"C  tor  AL  Device,  -40*C  tor  CL/CP  Dovico. 
Thigh  "  + 1 25*c  ,0f  AL  Device,  +  85*C  for  CL/CP  Device 

#Data  labelled  "Typ"  is  not  to  be  used  lor  design  purposos  but  Is 
irttondod  as  an  Indication  of  the  IC's  potential  performance. 


"Tho  formulas  given  are  tor  tho  typical  characteristics  only  at  25*C. 
tTo  calculate  total  supply  current  at  loads  othor  than  50  pF: 


lT(CL)  •=  lT{50  pF)  «■  (CL  ■ 

whoro:  If  lo  in  jiA  (per  package),  Cl  in  pF,  V 
I  In  kHz  Is  Input  froquoncy.  and  k  -  0.001. 


50)  Vfk 

-  (V0D-VSS)  In  volts. 
PIN  ASSIGNMENT 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high 
static  voltages  or  electric  fields.  However,  precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation,  Vjn  and  Vout  should  be  constratned 
to  the  range  Vss  *  (vin  or  vout>  *  voo- 

Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g., 
either  Vss  or  voo)-  Unused  outputs  must  be  left  open. 
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SWITCHING  CHARACTERISTICS'    (CL  •  50pF. TA  ■  25°C) 


Characteristic 

Symbol 

VD0 

Min 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Tlmo 

'TLH- 

ns 

*TLH-  <THL  "  (1-5  na/pF)  Cl  *  25  ns 

'THL 

5.0 

_ 

too 

200 

*TLH-  'THL  "  l°-7s  na/pF)  Cl  +  12.5  ns 

10 

- 

50 

too 

tjLH.  'THL  ™  (°-55  ns/pF)  C|_  +  9.5  ns 

15 

40 

60 

Propagation  Delay  Time 

«PLH. 

ns 

Data  to  Q 

'PHL 

'PLH.'PHL  "        nsft>F)  Cl  *  355  ns 

5.0 

440 

1320 

tpLH,  'PHL  "  l0.68m/pFI  Cl  ♦  142  ns 

10 

175 

525 

tpLH,  'PHL  "  10  5  ns/pFI  Cl  ♦  95  ns 

15 

120 

360 

Odd/Even  to  Q 

'PLH,  tpHL  '  "-7  ns/pF)  Cl  +  165  ns 

5.0 

250 

750 

tpLH,  'PHL  "  10-66  ns/pFI  Cl  ♦  67  ns 

10 

100 

300 

'PLH  tpHL  "  *°-5  ns/pFi  Cl  +  45  ns 

15 

70 

210 

*Tho  formulas  Qtvon  aro  lor  Iho  typical  characteristics  only  at  25*C- 


#Daia  labelled  "Typ"  Is  not  to  bo  usod  for  design  purposes  but  is 
Intendsd  as  an  Indication  ol  tho  IC's  potontial  performance. 


FIGURE  1  -  DYNAMIC  POWER  DISSIPATION  FIGURE  2  -  DYNAMIC  SIGNAL  WAVEFORMS 

SIGNAL  WAVEFORM 


t  in  raspact  to  syttam  clock 
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8-BIT  PRIORITY  ENCODER 

The  MC14532B  is  constructed  with  complementary  MOS 
(CMOS)  enhancement  mode  devices.  The  primary  function  of  a  pri- 
ority encoder  is  to  provide  a  binary  address  for  the  active  input  with 
the  highest  priority.  Eight  data  inputs  (DO  truu  D7)  and  an  enable 
input  (Ejn|  are  provided.  Five  outputs  are  available,  three  are  address 
outputs  (QO  thru  Q2),  one  group  select  (GS)  and  one  enable  output 
(Eout)- 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load  over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS'  (Voltages  Releienced  lo  Vss> 


Symbol 

Parameter 

Value 

Unit 

Vdd 

DC  Supply  Voltage 

-  0  5  to  -  18  0 

V 

v,n.  voul 

Input  or  Outpul  Voltage  (DC  or  Transient) 

-  0  5  to  VDD  *  0  5 

V 

'in.  'out 

Input  or  Output  Current  (DC  or  transient),  per  Pin 

•  10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

'stQ 

Storage  Temperature 

-65  to  -  150 

•c 

»» 

Lead  Temperature  (8-Second  Soldering) 

260 

•C 

"Maximum  Ratings  are  Inose  values  beyond  which  damage  to  the  device  may  occur 
t  Temperature  Derating    Plastic  "P"  Package   -  12mW/"C  trom  65*C  lo  85°C 

Ceramic  "L"  Package   -  12mW/"C  from  100*C  to  t25°C 

TRUTH  TABLE 


INPUT 

OUTPUT 

D7, 

06 

05 

□  4 

03 

02 

01 

00 

GS 

Q2 

Q1 

QO 

^out 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

0 

0 

□ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

X 

X 

X 

X 

X 

X 

X 

1 

1 

1 

□ 

0 

I 

X 

X 

X 

X 

X 

X 

I 

I 

□ 

□ 

0 

0 

1 

X 

X 

X 

X 

X 

1 

0 

1 

0 

0 

0 

D 

1 

X 

X 

X 

X 

1 

0 

0 

□ 

0 

0 

0 

0 

1 

X 

X 

X 

0 

1 

1 

0 

□ 

0 

0 

0 

0 

1 

X 

X 

0 

1 

0 

0 

0 

□ 

0 

0 

0 

0 

1 

X 

0 

0 

1 

a 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

a 

0 

X  -  Don't  Care 


This  device  contains  protection  circuilry  to  guard  against  damage  due  to 
high  static  voltages  or  electric  fields.  However,  precautions  must  be  taken 
to  avoid  applications  ol  any  voltage  higher  than  maximum  rated  voltages  to 
this  high-impedance  circuit.  For  proper  operation,  V|n  and  Vout  should  be 
conslrained  to  the  range  Vgs  *  Win  or  vout)  *■  VDD- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.. 
either  Vgs  or  ^DD)-  Unused  outputs  must  be  lett  open. 


MC14532B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOS) 

8-BIT  PRIORITY  ENCODER 


L  SUFFIX 

CERAMIC  PACKAGE 


P  SUFFIX 

PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series:  -55'Cto  +J25*C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40°C  to  -t-85'C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Packago) 


PIN  ASSIGNMENT 


□  4 

rjS 

□  E 

□  7 

-  r. 

Q2 
Ql 


GS 
D3 
DZ 
D1 
DO 


I  16 

I  15. 

1  m 

1  13 
1  13 
)  I  1 
1  10 
J9 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Roloroncod  to  vss) 


Vdd 

T|o 

IW* 

25°C 

Thigh' 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Oiatnut  UnttAAA                        "ft"  1  m«I 
wuif«n  voi  tag  ti                     v  lcvci 

vOL 

0.OS 

- 

0 

0.05 

- 

0.05 

Vdc 

vtn     VDD  or  U 

10 

0.05 

- 

0 

O.OS 

- 

0.05 

15 

0  05 

'• 

0 

0.05 

- 

0.05 

Vin=  o  or  Vqd  Level 

V0H 

5.0 

4.95 

~ 

4.95 

5.0 

- 

4.95 

- 

Vdc 

9.95 

10 

- 

9.95 

- 

15 

14.95 

14.95 

15 

- 

14.95 

- 

 -  ■  —  

Input  Voltage                       0  Level 

—  

VIL 

Vdc 

(Vq  *  4.5  or  0.5  Vcfc) 

5.0 

1 .5 

- 

2.25 

1.5 

- 

1.5 

(Vo  *  9  0  or  1.0  Vdcl 

10 

3.0 

- 

4.50 

3.0 

- 

3.0 

(Vq  =  13.5  or  1.5  Vdc) 

15 

4.0 

- 

6.75 

4.0 

- 

4.0 

"1"  Level 

Viu 
VIH 

(Vq  c  0.5  or  4.5  Vdc) 

5  0 

3  g 

3.5 

2.75 

3.5 

Vdc 

(Vq*  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

S.50 

7.0 

<Vq  *  1.5  or  13.5  Vdc) 

15 

11.0 

_ 

11.0 

8.25 

11.0 

Output  Drive  Current  [AL  Device) 

 ;  

'OH 

mAdc 

(Vrtu  =  2  5  Vdcl  Source 

5.0 

—  3.0 

-2.4 

-4.2 

- 

-1.7 

- 

t"QH  *  ^.D  VOCI 

5  0 

—0.64 

-0.51 

-0.88 

— 

-0.36 

(Vnu  -95  Vdc) 

10 

-1.6 

—  1.3 

—  2.25 

—  U.st 

(V0H  =  13.5  Vdc) 

15 

-4.2 

_ 

—  3.4 

—  8.8 

—  2.4 

(Vql  *  0.4  Vdcl  Sink 

'OL 

5.0 

0.64 

0.51 

0.88 

0.36 

mAdc 

lvOL  "  0  5  Vdc) 

10 

1.6 

1  3 

2. 25 

(Vol  -  LSVdcl 

15 

4.2 

_ 

3.4 

8.8 

2.4 

Output  Dm*  Current  ICL/CP  Device) 

'OH 

mAdc 

IVqh  "  2.5  Vdc)  Source 

5.0 

-2.5 

- 

—  2.1 

 2  4 

 ^  ~j 

_ 

IVqh  •  4-6  Vdc) 

5.0 

-0.52 

- 

-0.44 

-0.88 

_ 

-0.36 

_ 

IVoh  "  9-5  Vdc) 

10 

-1.3 

- 

-1.1 

-2.25 

_ 

-0.9 

IVqh  "  ".5  Vdc) 

IS 

—  3.6 

- 

-3.0 

-8.8 

_ 

-2.4 

IVql  ■  0.4  Vdc)  Sink 

'OL 

5.0 

0.52 

- 

0.44 

0.88 

0.36 

mAdc 

•vOL  "  0-6  Vdcl 

10 

1.3 

- 

1.1 

2.25 

0.9 

ivql -is  vdcl 

IS 

3.6 

- 

3.0 

88 

_ 

24 

w 

Input  Current  (AL  Device) 

■in 

15 

- 

10  1 

sOOOOOl 

•0  1 

_ 

11.0 

iiAdc 

Input  Current  (CL/CP  Device) 

'in 

IS 

- 

10  3 

10  00001 

10.3 

1 1.0 

MAdc 

Input  Capacitance 

C,n 

_ 

_ 

5  0 

7.5 

pF 

IVin  ■  0) 

Quiescent  Current  (AL  Device) 

'DD 

5.0 

5.0 

0.005 

SO 

150 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  ICL/CP  Device) 

'DD 

50 

20 

0.005 

20 

150 

pAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current-  "1 

•t 

5.0 

IT  '  11.74  uA/kHi)  1  »  |D0 

jrAdc 

(Dynamic  plus  Quiescent, 

10 

IT  '  (3*5  «A/kHi)  1  »  Iqq 

Per  Package) 

15 

!t  =  15.73  cA/kHi)  1  t  Iqd 

(Cl  »  50  pF  on  all  outputs,  all 

bullers  switching) 

*Tlow  -  -  SS'C  for  AL  Dovieo.  -  40*C  for  CL/CP  Device. 
Th!gh-  +  125*0  for  AL  Device.  +35*C  for  CL/CP  Device. 

#Dela  tabotted  "Typ"  is  not  to  be  used  for  design  purposes  but  Is 
Irttendod  as  an  Indication  of  the  IC's  potential  performance. 

where:  \j  Is  In  nA  (per  peckago).  Cl  In  pF.  V  -  |VDD  -  V33)  In  votts. 
f  In  kHz  Is  Input  froquoncy.  and  k  -  0.005. 


"The  formulas  gtvon  ero  for  tho  typical  characteristics  only  at  2S*C. 
fTo  coJculato  total  supply  current  at  loads  other  than  50  pF: 
tjiCt)  -  l-r(S0  pF)  +  (Ci  -SO)  Vfk 


6-338 


MC14532B 


SWITCHING  CHARACTERISTICS*    ICl  -  50  pF,  TA  ■  25°C) 


Characteristic 

Symbol 

V0D 

Mm 

Typ# 

Max 

Unit 

ftlifnut  RlflA  onH  Fall  Tim  a 

<tlh. 

 nt  

tn  u.  Itui  m  (1.5  na/oFl  Ci   +  25  na 

*TKL 

5.0 

100 

200 

*TLH*  *THL  ™  (0-75  ns/pF)  C|_  +  12.5  08 

10 

100 

*ti  u,  trui  ~  (O.SS  ns/oFi  Ci  +  9  5  na 

15 

40 

80 

ProQOQation  Dclsy  Timo  —  E*n  to  Egy| 

«PLH. 

ni 

tpLH,  tPHL  ™  « ■**'  nt/pF)  C(_    120  ns 

'PHL 

5.0 

•VIC 

205 

410 

tai  1.1  Inni   ■  in  RA  nt/nFI  f*i    +  ft  n* 
"P^H  "PHL     iviOu  ni/|irf  \* i   •  /  /  ns 

10 

110 

220 

tPLH  'PHL  "  '0.5  ns/pF)  CL  +  55  ns 

15 

80 

160 

rropeBBiion  ueioy  ■  inw  \  Cjfj  to  ua 

«PLH. 

n« 

tpLH,  tpHL  ™  *'**'  ni/pF)  C|_  +  90  ns 

'PHL 

5.0 

1 75 

350 

foi  u  laui  ■  (0  fifi  nt/oF)  Ci  B7  nt 
*KL>M»  *PML                       '     L  •  • 

10 

90 

180 

tai  li  taui  •  (0  S  nt/oF)  Ci  +  40  nt 

15 

65 

130 

Propagation  Delay  Time  —  E;n  to  Qn 

«PHL. 

ns 

,PLH,  'PHL  "       n*/Ppi  C(_  +  195  nt 

«PLH 

5.0 

— 

280 

560 

*PLH,  'PHL    (u.oo  nt/prt  i»l  *  «u/  ns 

280 

«PLH.  «PHL  "  l°-5  nsipFI  C(.  +  7S  ni 

15 

100 

200 

Propagation  D«lsy  Timo  -  D„  to  Q„ 

<PLH. 

ns 

<PLH.  tpHL  "  "    nt/pFI  Cl  +  265  nt 

•PHL 

5.0 

300 

600 

'PLh!  «PHL  "  f0-66  m/pFI  Cl  +  137  ni 

10 

170 

340 

«PLH,  <PHL  "  (0.5  ns/pF)  Cl  +  85  ni 

15 

110 

220 

Propagation  Delay  Timo  -  Dn  to  GS 

«PLH. 

ns 

tpLH.  tpHL  "        nt/pF)  Cl  +  195  n« 

<PHL 

S.O 

280 

560 

'PLh!  <PHL  "  ft*-68  rn/pF)  Cl  +  107  ni 

10 

140 

280 

tpLH.  'PHL  "  I0.B  ni/pF)  Cl  ♦  75  n> 

15 

100 

200 

TTjo  formulas  gNon  ere  for  tho  typical  characteristics  only  at  2S*C. 


#Oota  tobotlod  "Typ"  is  not  to  bo  used  for  design  purposes  but  Is 
Intended  es  sn  Indication  of  the  IC's  potential  performance. 


FIGURE  1  -  TYPICAL  SINK  AND  SOURCE 
CURRENT  CHARACTERISTICS 


FIGURE  2  -  TYPICAL  POWER  DISSIPATION  TEST  CIRCUIT 


Switch 
Matrix 


Ein 

DO 

Dl 

Eout 

D2 

□0 

□3 

at 

t>4 

02 

OS 

GS 

06 

D7 

•out 
O 


SO0  uF  7p 


Extornal 
Pow«r 
Supply 


Output 

vgs-  Vdd 

vqs- 

-Voo 

Under 

vds  -  vout 

V0S  "  Voul  -VOD 

Ton 

Sink  Current 

Source  Current 

00  thru  07 

6,n 

00  thru  06 

07 

Eout 

X 

0 

0 

0 

Q0 

X 

0 

0 

1 

ai 

X 

0 

0 

1 

Q2 

X 

0 

0 

1 

OS 

X 

0 

0 

1 

Pulse 
Generator 


Ein 

DO 

Dl 

00 

D2 

03 

at 

D4 

DS 

Q2 

D6 

D7 

GS 
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to 


»9  2  < 


00 
CM 
CO 

in 


i^iqio  o  a 


10  =  =  a  s 


c  c  c  c  c 


!_ 

5  ^ 

—  U 

a. 2 

ii 


A 


A  A 


to 


2  6 
o 
a 
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FIGURE  4  -  TWO  MC14532B'f  CASCADED  FOR  4-BIT  OUTPUT 
OIS  014  013  012  Oil  DIO  OS    DB  D7    DS   OS   D4    OS    02    01  DO 


VOD< 


II 


J_L 


07    D6   OS   04    03    02    01  00 

Si.  E, 


In 
GS 


cout 
Q2   Ol  00 


D7  06  DS  D4  03  D2  D1  DO 
E|n  Ecu. 

Q2    Q1  QO 


cout  ' 
'  with  D|„  -  "O" 
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FIGURE  S  -  DIGITAL  TO  ANALOG  AND  ANALOG  TO  DIGITAL  CONVERTER 

VDD  ^35 
Q 


Clock 
Input 


DIGITAL  TO  ANALOG  CONVERSION 

The  digital  eight-bit  word  to  be  converted  is  applied 
to  the  inputs  of  the  MC14512  with  the  most  significant 
bit  at  X7  and  the  least  significant  bit  at  XO.  A  clock  in- 
put of  up  to  2.5  MHz  (at  Vqo  °  10  V)  is  applied  to  the 
MC14520B.  A  compromise  between  lDia$  for  the 
MC1710  and  AR  between  N  and  P-channel  outputs  gives 
a  value  of  R  of  33  k  ohms.  In  order  to  filter  out  the 
switching  frequencies.  RC  should  be  about  1.0  ms  (if 
R  ■  33  k  ohms,  C  =  0.03  jiF).  The  analog  3.0  dB  band- 
width would  then  be  dc  to  1.0  kHz. 

VodC 

ANALOG  TO  DIGITAL  CONVERSION 

An  analog  signal  is  applied  to  the  analog  input  of  the 
MC1710.  A  digital  eight-bit  word  known  to  represent  a 
digitized  level  less  than  the  analog  input  is  applied  to  the 
MC14S12  as  in  the  D  to  A  conversion.  The  word  is 
incremented  at  rates  sufficient  to  allow  steady  state  to 
be  reached  between  incrementations  (i.e.  3.0  ms).  The 
output  of  the  MCI  710  will  change  when  the  digital 
input  represents  the  first  digitized  level  above  the  analog 
input.  This  word  is  the  digital  representation  of  the 
analog  word. 


1/2  MC14S20B 
Q2  Q3 


D0O1  D2D3D4DSDS07 


Q2  Ol  00 

r 


1/2  MC14520B 
Q2  OJ 


Oigltsl  Input/Output 

8- Bit  Word 
to  be  Convcnod 

■    I    M     I    I    I  I 


,X7  X6  XS  X4  X3  X2  XI  XO 


Stop 
Word 

Incrementation 
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5  CA8CADED  BCD  COUNTERS 

The  MC14534B  Is  composed  of  five  BCD  ripple  counters  that  have  their 
respective  outputs  multiplexed  using  an  Internal  scanner.  Outputs  of  each 
counter  are  selected  by  the  scanner  and  appear  on  four  (BCD)  pins.  Se- 
lection is  indicated  by  a  logic  high  on  the  appropriate  digit  select  pin.  Both 
BCD  and  digit  select  outputs  have  three-state  controls  providing  an 
"open-circuit"  when  these  controls  are  high  and  allowing  multiplexing. 
Cascading  may  be  accomplished  by  using  the  carry-out  pin.  The  counters 
and  scanner  can  be  independently  reset  by  applying  a  high  to  the  counter 
master  reset  (MR)  and  the  scanner  reset  (SR).  The  MC14S34B  was  spe- 
cifically designed  for  application  in  real  time  or  event  counters  where  con- 
tinual updating  and  multiplexed  displays  are  used. 

•  Four  Operating  Modes  (See  truth  table) 

•  Input  Error  Detection  Circuit 

•  Clock  Conditioning  Circuits  for  Slow  Transition  Inputs 

•  Counter  Sequences  on  Positive  Transition  of  Clock  A 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


CMOS  LSI 

(LOW-POWER  COMPLEMENTARY  MOS) 
S  CASCADED  BCD  COUNTERS 


L  SUFFIX 
CERAMIC  PACKAGE 


P  SUFFIX 

PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Sorloa:  -5S*C  10  +  125'C 
MC14XXXBAL  (Ceramic  Packaga  Only) 

C  Sorloa:  -  40'C  to  +  B5-C 
MC14XXXBCP  (Plastic  Packago) 
MC14XXXBCL  (Coramlc  Packago) 


BLOCK  DIAGRAM 


•  3-Stata 
Output  Buffar 


Digit  Salact 


3-State  Control 

Out 

0 
1 

Q  or  OS 
Hiahlmpodenoo 
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MAXIMUM  RATINGS  (Voltages  referenced  10  Vssl 


8ymbo1 

Parameter 

Value 

Unit 

voo 

DC  Supply  Voltage 

-0.5  to  +18.0 

V 

vm.  Vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-O.Sto  Vqq  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±10 

mA 

Po 

Power  Dissipation,  per  Package* 

500 

mW 

Tsto 

Storage  Temperature 

-65  to  +150 

•c 

TL 

Lead  Temperature  (8-8econd  Soldering) 

260 

•C 

"Maximum  Ratings  are  thoso  values  beyond  which  damage  to  the  device  may  occur. 
fTemperature  Derating:  Plastic  "P"  Package:  -  12mW/*C  from  65*C  to  85*C 

Ceramic  "L"  Package:  -  12mVWC  from  100"C  to  125"C 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  circuit.  For 
proper  operation,  V|n  and  V0U|  should  be 
constrained  to  the  range  Vss  *  (vin  or 
Vout)  «  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vqd).  Unused  outputs  must  be  left  open. 


ELECTRICAL  CHARACTERISTICS  (Voiiagos  Refinanced  to  vss) 


vdd 

Tlow' 

Wc 

Thigh* 

Characteristic 

Symbol 

Vdc 

Mj» 

Max 

Min 

Typo 

Men 

Min 

Max 

Unit 

Output  Voltage                "0"  Level 

V0L 

50 

0.05 

o 

0.05 

0.05 

Vdc 

V|„-VDD  orO 

to 

0.05 

o 

0.05 

0.05 

15 

0  05 

o 

0.05 

0.05 

"«■•  Level 

voh 

5.0 

4.95 

4.95 

5.0 

4.95 

Vdc 

Vin -0  or  Vdd 

10 

9.95 

9.95 

10 

9  95 

15 

14  95 

14.95 

15 

14.95 

Input  Voltage                 "0"  Level 

V|L 

1.5 

1.0 

Vdc 

(V0  '  4.5  or  0.5  Vdcl 

50 

1 .0 

1 .0 

- 

(V0  -  9  0  or  1.0  Vdcl 

10 

2.0 

3.0 

2^0 

- 

2.0 

(V0  -  13.5  or  15  Vdcl 

15 

_ 

3.0 

_ 

4.5 

3.0 

- 

3.0 

tV0  •  0.5  or  4.5  Vdc)     "1"  Level 

V|H 

5.0 

4.0 

4.0 

3.5 

4.0 

Vdc 

IV0  '  1.0  or  9.0  Vdcl 

10 

8.0 

8.0 

7.0 

8.0 

IV0.  1.5  o>  13.5  Vdc) 

15 

12 

12 

11 

12 

Output  Drive  Current  IAL  Device) 

'OH 

niAdc 

IV0H    2.5  Vdcl  Source 

50 

-3.0 

—2.4 

-4.2 

-1.7 

(V0H    4  .6  Vdcl 

5.0 

-0.64 

—0.51 

-O.S8 

-0.38 

IVqh    9  5  Vdcl 

10 

-1.6 

- 1.3 

-2.25 

-0.9 

(V0H     13.5  Vdcl 

15 

-4.2 

-3.4 

-8.8 

-2.4 

(Vol  "  04  Vdc)  Sink 

'OL 

5.0 

0.64 

0.51 

0.88 

0.36 

mAdc 

(VOL  *  0  5  Vdc) 

10 

1.6 

1.3 

2.25 

0.9 

(v0l  '-5  v<fc' 

15 

4.2 

3.4 

8.8 

_ 

2.4 

_ 

Output  Drive  Current  (CL/CP  Oevice) 

•oh 

mAdc 

(Voh    2.5  Vdcl  Source 

5.0 

-2.6 

_ 

-2.1 

-4.2 

_ 

-1.7 

<vOH  *  4.6  Vrtcl 

5.0 

-0.62 

-0.44 

■038 

- 

-0.38 

IVqh  "  9-5  Vdcl 

10 

-1.3 

-1.1 

-2.2S 

-0.9 

1VQ)4        U.3  V C1C ' 

-3.6 

-3.0 

■ojb 

-2.4 

IVol  *  04  Vdc)  Sink 

'OL 

5.0 

0.52 

0.44 

0.88 

0.36 

mAdc 

<vOL  "  °-5  Vdcl 

10 

1.3 

1.1 

2.25 

09 

(Vol  '  15  Vdc) 

IS 

3.6 

3.0 

8.8 

2.4 

Output  Drive  Current .-  Pins  1  and  22 

mAdc 

(AL  Device) 

IVqh  '  2-5  Vdc)  Source 

'OH 

5.0 

-0.31 

-0  25 

-0.8 

-0.17 

(V0H  2  9.5  Vdc) 

10 

-0.31 

-0.25 

-0.4 

-0  17 

IV0H  - 13  5  Vdc) 

15 

-0.9 

-0.75 

-1.6 

-051 

(VOL  "  °-4  v*:'  Sink 

'OL 

5.0 

0024 

0.02 

0.03 

0.014 

mAdc 

iv0L  -  0.5  vdc) 

10 

0.06 

0.05 

0  09 

0.035 

(vol  -  '  svdc) 

15 

1.3 

0.25 

1.63 

0.175 

Output  Drive  Current  -  Pins  1  and  22 

mAdc 

(CL/CP  Device) 

(Voh  "  2  5  Vdc)  Source 

'oh 

5.0 

-0.11 

-0.10 

-0.8 

-0.08 

IVoh  '  9  5  Vdc) 

10 

-0.11 

-0.10 

-0.4 

-008 

(V0H  "  13.5  Vdcl 

15 

-0.33 

-0  30 

-1.6 

-0.24 

(Vql  °  OA  Vdc)  Sink 

•OL 

5.0 

0.012 

0.01 

0132 

0.008 

mAdc 

(Vol  "  os  vdcl 

10 

0j03 

0X125 

0.05 

0X12 

(vql  "  '-s  vdcl 

15 

0.14 

0.12 

1.35 

0.10 

Input  Current  (AL  Device) 

■in 

15 

•0  1 

!  0.00001 

•0.1 

•  1  0 

wAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

iOJ 

1 0.00001 

•0.3 

fID 

MAdc 

Input  Capacitance 

Cin 

5.0 

75 

PF 

IVi„  "  0) 

^low  "  ~  55*C  for  AL  Oovico.  -  40*C  for  CL/CP  Dovlco 
Thtgh  "  +  125"C  for  AL  Oovico.  +  85*C  for  CL/CP  Dovlco. 


#Data  toboDod  "Typ"  Is  not  to  bo  usod  for  design  purposos  but  Is 
Inlondod  as  an  indication  of  tho  IC's  potential  performance. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  vSS)  (continued) 


Characteristic 

Symbol 

vDd 

Vdc 

Tlov 

2S°C 

W 

Unit 

Min 

Ma« 

Min 

Typ# 

Max 

Min 

Man 

Ouiescent  Current  (AL  Device) 
(Per  Package) 

IpD 

S.0 
10 
IS 

SO 
10 
20 

0i)10 
0.020 
OJ030 

5.0 
10 
20 

150 
300 
600 

iiAdc 

Quiescent  Current  (CL/CP  Device) 
(Per  Package) 

'DD 

S.O 
10 
IS 

50 
100 
200 

0.010 
0.020 
0.030 

SO 
100 
200 

375 
750 
1500 

/xAdc 

Total  Supply  Current*  *t 
(Dynamic  plus  Quiescent, 
Per  Package) 

(C|_  •  50  pF  on  all  outputs,  all 
buHers  switching) 

'T 

s.o 

10 
IS 

lj  "  (0.5dA/kHi)  1  +  |DD 

lT  -  (1 .0  MA/kHzl  t  ♦  |D0           Scsn  Oscillator 
lT  =  (1 .5  MA/kHil  f  +  lDD        F'«iuency  -  1  kHz 

uAdc 

Three  State  Leakage  Current 
(AL  Device) 

'TL 

IS 

=  0  1 

•  0  0O001 

•  0.1 

•3  0 

pAdc 

Three-State  Leakage  Cuirent 
(CL'CP  Devicel 

>TL 

15 

si  0 

'0  00001 

1  1.0 

17.5 

*iAdc 

*Tlow"  ~S5*C  tor  AL  Dovico.  -40*C  for  CUCP  Device.  fTo  celcutato  totnl  supply  currant  at  loads  other  than  SO  pF: 

Thlgh  "  +  1 2S*C  ,or  AL  Devlco,  *  8S'C  tor  CUCP  Device. 

IT(CL)  -  lT(50pF)  +  <CL  -50)Vfk 


#Data  laboliod  "Typ"  is  not  to  bo  usod  for  design  purposes  but  ts 
intondod  as  an  indication  of  tho  tC's  potential  performance.  where:  \  j  is  in  >*A  (per  package).  CL  in  pF.  V  -  ( Vqo  ~  VSS> in  volts- 

f  In  kHz  is  input  frequency,  and  k  =  0-00 1 . 

"Tho  formulas  given  are  for  tho  typical  characteristics  only  at  25*C. 
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SWITCHING  CHARACTERISTICS'  (CL-50  pF,  TA  =  25-C.  See  Figure  1) 


V0D 

Characteristic 

Symbol 

Vdc 

Hln 

Typ# 

Max 

Unit 

Output  Rise  and  Fell  Time 

'TLH' 

ns 

'THL 

5.0 

100 

200 

10 

so 

TOO 

15 

40 

80 

Propagation  Delay  Time, 

'PLH. 

US 

Clock  to  0 

'PHL 

tPLH.  <PHL  "  0    ns/pF)  CL  +  4.0  t*4 

5.0 

— 

4.0 

8.0 

*PLH»  !PHL  "       ns/pF)  C|_  + 1 .5  p« 

10 

tpLH*  ^PHL  ™  (0-6  ns/pF)  C[_+  1 .0  (is 

15 

1 .0 

2.25 

Clock  to  Carry  Out 

'PLH 

US 

tpLH  -  0-8  ns/pF)  CL  +  3.3  t*s 

5.0 

— 

3.3 

6.6 

tpu-|  *  (0.8  ns/pF)  C|_+1.1  u>s 

tp[_l-f  ■  (0.6  ns/pF)  Cl+0.8  |is 

1 5 

0.8 

1 .7 

Master  Reset  to  Q 

'PHL 

us 

tpHL  -  ( 1  -8  ns/pF)  C|.  +  1  6  tis 

5.0 

— 

1.8 

3.6 

tpHLB(8-8  ns/pF)  Cl  +  0.6  u>8 

0.6 

1.2 

lm  jt  ■■  ffl  A  n*i/nf*\  f^i  .a.  A  C  »« a 
ipui  ™           lUMp"!  **L  |*w 

ts 

0.5 

0.9 

Master  Reset  to  Error  Out 

'PHL 

us 

'PHI  ■  (1  -8  ns/pF)  C|_  +  0.57  us 

5.0 

0.6 

tp^^-(0.8  ns/pF)  Cl  +  0.19  us 

10 

0.2 

.5 

tp^L  *  (0.6  ns/pF)      **"  0. 1 1  p8 

15 



0.12 

0.38 

Scanner  Clock  to  Q 

'PLH, 

us 

idi  u.  tDui  ™(1  .6  ns/DFI  Ci  + 1 .8  us 

'PHL 

5.0 

1.8 

3.8 

tm>>              Hind  nafnCl  f^i  .fc  n  A  >■  A 
IPLH*  *PHL    tv-o  iwpr/       ^  u.w  fu> 

10 

0.6 

1.2 

Idi  li.  tout  ™  (0.8  na/oF)  Ci  4-0.5  us 

ts 

0.5 

0.9 

Scanner  Clock  to  Digit  Select 

us 

*PHL*  PLH    t  *   ii*»'pr/      t  i  ,g  |.s 

'PLH 

5.0 

1 .5 

3.0 

tDui  .  toi  u  —  (0.8  n8/DF)  Ci  +  0.5  us 

10 

_ 

0.5 

1.0 

tpHLi  'PLH  "  W-6  ns/pF)  C|_  +  0.4  us 

15 

— 

0.4 

0.75 

Propagation  Delay  Time 

'PHZ 

5.0 

75 

150 

ns 

3*Staie  Control  to  Q 

10 

45 

90 

15 

— 

40 

80 

'PZH 

5.0 

120 

240 

ns 

10 

_ 

55 

110 

IS 

— 

40 

80 

tpLZ 

5.0 



120 

240 

ns 

10 

— 

55 

110 

15 

— 

45 

90 

«P2L 

5.0 

— 

160 

320 

ns 

10 

— 

70 

140 

15 

45 

80 

Clock  Pulse  Frequency 

'd 

5.0 

— 

1.0 

0.5 

MHz 

10 

— 

3.0 

1.0 

15 

5.0 

1.2 

Clock  or  Scanner  Clock  Pulse  width 

*WH 

5.0 

1000 

500 

— 

ns 

10 

500 

180 

— 

15 

375 

125 

Scanner  Reset  Pulse  Width 

'» 

5.0 

320 

160 

— 

ns 

10 

130 

65 

— 

BO 

40 

Scanner  Reset  Removal  Time 

'rem 

5.0 

SOO 

270 

ns 

10 

ISO 

80 

IS 

100 

SO 

Master  Reset  Pulse  Width 

'WH(R) 

s.o 

2000 

800 

ns 

10 

600 

300 

15 

450 

250 

Master  Reset  Removal  Time 

'rem 

S.O 

1080 

550 

ns 

10 

350 

205 

15 

250 

140 

The  formulas  given  aro  for  the  typical  cnaf  actorlsttcs  only  st  25*C- 
#DaIa  labelled  "Typ"  Is  not  to  be  used  for  doslgn  purposes  but  Is 
IMonded  as  an  Indication  of  the  (C'a  potential  performance. 
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COUNTER  TIMING  DIAGRAM 


1234SS789  I0 


jiniwvuwm— n— n— -n- 


Unitt  Cn  +  4 


Hundreds  QO 


Hundreds  Cn  +  4 


Thousands  QO 


Thousands  Q3 


Thousand!  Cn  +  4 


Tan  Thousands  QO 


Tan  Thousand*  Q3 


Carry  Out 


10* 

JL. 

i 


106 

il  !  1 

"un 


MODE  CONTROL  TRUTH  TABLE 


Modo  A 

Mode  B 

First  Stage  Output 

Carry  to  Second  Stage 

Application 

0 

0 

Normal  Count  and  Display 

At  9  to  0  transition  of  first  stage 

5*dlgit  Counter 

0 

1 

Inhibited 

Input  Clock 

Test  Modo:  Clock  directly  Into  stages  1.  2.  and  4. 

1 

1 

Inhibited 

At  4  to  5  transition  of  first  stage 

4-dlgil  counter  with  -*-  10  and  roundoff  at  front  end. 

1 

0 

Counts  3.  4.  5.  6.  7  -  5 
Counts  8.  9.  0,  1.  2  -  0 

At  7  to  8  transition  of  first  slags 

4-dlgit  counter  with  1/2  pence  capability. 
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SCANNER  TIMING  DIAGRAM 


Not*:  If  Mod*  6  ■  1.  ttw  first  decade  it  Inhibited  and  SI  will  not  do  high,  and 
the  cycle  will  be  thortanod  to  four  stages. 
OSS  It  estectad  automatically  whan  Scinntr  Reset  goat  high. 


ERROR  DETECTION  TIMING  DIAGRAM 


Not*:  Error  d*t*ctor  took*  for  Inverted  pulM  on  Clock  B-  Whan*v*r  a  positive 
edge  at  Clock  A  It  not  accompanied  by  ■  negative  pula*  at  Clock  B  (or 
vice-versa)  within  a  tlma  period  of  tha  one-thots  an  error  li  counted. 
Thraa  arrors  result  In  Error  Out  to  go  to  a  "1".  If  error  da  taction  It  not 
naadad,  tla  Clock  B  high  or  tow  and  laev*  Pint  1  and  22  unconnected. 


CLOCK  SKEW  RANGE 


The  »k*w  li  tha  tint*  difference  be- 
tween tha  low-to-high  transition  of 
Ca  (o  t"*  high-to-low  transition  of 
Cq  or  vlca-verte.  Capacitors  CI  -  C22 
tied  from  pint  1  ami  32  to  Vgg. 
Thlt  graph  (t  accurate  for  Ct  -  C22  > 
100  pF. 

Whan  tha  error  detection  circuitry  It 
not  used,  pint  1  and  22  are  left  open. 
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APPLICATIONS  INFORMATION 


FIGURE  1  -  CASCADE  OPERATION 


MC14534B 

Clock  A  cout" 

_TL 

MCI4S34B 
Clock  A 

'Carry  Out  is  high  for  a  single  clock  period  when  all  five  BCD  stages  go 
to  zero.  (Carry  Out  also  goes  high  when  MR  Is  applied.) 


FIGURE  2  —  FORCING  A  BCD  STAGE  TO  THE  O  OUTPUTS 


Clock  A 

Ql 

SC 

MC14S34S  Q2 

03 

OS1 

OS3      OS3      DS4  OSS 

BCD  lor 
^  Selected 
Stage 


When  the  O  outputs  ol  a  given  stage  are  required,  this  configuration  will 
lock  up  the  selected  stage  within  lour  clock  cycles.  The  select  lino 
feedback  may  be  hardwired  or  switched. 


1  I 

2  I 

3  I 

4  I 

5  I 

6  I 

7  I 

a  i 

9  I 

10  I 

1 1  I 

12  I 


PIN  ASSIGNMENT 



MR  Clock  B 

Gout  Ce*1 
Clock  A  3'St  BCD 
QO 


Mode  A 
Mode  8 
OS  I 
DS2 
SR 
SC 
DSS 
VSS 


Ql 
Q2 
Q3 
DS4 
3  St  Dig 
0S3 
cout 


24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
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PROGRAMMABLE  TIMER 

The  MC14536B  programmable  timer  is  a  24-stage  binary  ripple  counter 
with  16  stages  selectable  by  a  binary  code.  Provisions  for  an  on-chip  RC 
oscillator  or  an  external  clock  are  provided.  An  on-chip  monostable  circuit 
incorporating  a  pulse-type  output  has  been  included.  By  selecting  the  ap- 
propriate counter  stage  in  conjunction  with  the  appropriate  input  clock  fre- 
quency, a  variety  of  timing  can  be  achieved. 

•  24  Flip  Flop  Stages  -  Will  Count  From  2°  to  224 

•  Last  16  Stages  Selectable  By  Four-Bit  Select  Code 

•  8-Bypass  Input  Allows  Bypassing  of  First  Eight  Stages 

•  Set  and  Reset  Inputs 

•  Clock  Inhibit  and  Oscillator  Inhibit  Inputs 

•  On-Chip  RC  Oscillator  Provisions 

•  On-Chip  Monostable  Output  Provisions 

•  Clock  Conditioning  Circuit  Permits  Operation  With  Very  Long 
Rise  and  Fall  Times 

•  Test  Mode  Allows  Fast  Test  Sequence 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS'  (Voltages  Reloroncod  to  Vgs) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Vollage 

-0  5  lo  -  18.0 

V 

Vin.  Vout 

Input  or  Output  Voltago  (DC  or  Transient) 

-0  5  to  Vqq  -  0  5 

V 

'in-  'out 

Input  or  Output  Currant  (DC  or  Transient),  per  Pin 

-  10 

mA 

Pd 

Power  Dissipation,  per  Packaget 

500 

mW 

Tslq 

Storage  Temperature 

-65  10  »  150 

•c 

ft 

Lead  Temperature  (B*Socond  Soldering) 

260 

■c 

'Maximum  Ratings  are  thoso  values  beyond  which  damago  to  Iho  dovico  may  occur 
tTomperalure  Derating:  Plastic  "P"  Package:  -  12mW/9C  from  65aC  10  BS'C 

Ceramic  "L"  Packago:  -  12mW/*C  from  100'C  to  125SC 


CMOS  LSI 

(, LOW  POWER  COMPLEMENTARY  MOSI 

PROGRAMMABLE  TIMER 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
plastic  package 

CASE  G4S 


ORDERING  INFORMATION 

A  Sorios:  -  SS'C  to  +  125'C 

MC14XXXBAL  (Ceramic  Packago  Only) 

C  Sorios:  -  40"C  to  -85'C 

MC14XXXBCP  (Plastic  Packago) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 


Clock  Inh 
7  « 


Ro.et  Set  8  Bypass 
7  <?    1  ?  fan 


«  s 


VDD-  W»  16 
VSS  -  P.n  B 


A  91 

B  101 

C  110 

□  He 


0    □    □     Q    o    a    o  ( 
9                  i  .     i  ■     14     ID  1 

k  9  ikt» 

1     Q  C 
5.    M  l 

24 

□  C 

1  c 

D  1 

a    o  a 

1    73    23  ?4 

1  1 

T 

1  1 

1U  r. 
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ELECTRICAL  CHARACTERISTICS  ivoiutgoi  Roioroncod  10  vssi 


VDD 

Tlow* 

26°C 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Unit 

Output  Voltage             "0"  Level 

V0L 

5.0 

— 

0.05 

- 

0 

0.05 

Vdc 

V:„  s  Vnn  or  0 

10 

— 

0.05 

- 

0 

0.05 

0.05 

15 

- 

0.05 

- 

0 

0.05 

_ 

— —— — 

0.05 

"  1 "  Level 

vOH 

5.0 

4.95 

- 

4.95 

5.0 

- 

4.95 

— Vdc — 

V-    a  0  or  Vnn 
*in     w  Wl  *DD 

10 

9.95 

— 

9.95 

10 

9.95 

15 

14.95 

~ 

14.95 

15 

14.95 

_ 

Input  Voltage               "0"  Level 

VIL 

Vdc 

(Vq  =  4.5  or  0.5  Vdc) 

5.0 

_ 

1.5 

_ 

2.25 

1  5 

1 .5 

(Vq  =  9.0  or  1.0  Vdc) 

10 

- 

3.0 

- 

4.50 

3.0 

3.0 

(Vq  =  13.5  or  1.5  Vdc) 

15 

— 

4.0 

- 

6.75 

4.0 

4.0 

"1"  Level 

VIH 

Vdc 

(Vq  =  0.5  or  4.5  Vdc) 

5.0 

3.5 

_ 

3.5 

2.75 

_ 

3.5 

- 

<v*0  =  1.0  or  9.0  Vdc) 

10 

7.0 

- 

7.0 

5.50 

- 

7.0 

IV«  c  1  cM  nc  V/Hi*l 

|VQ  =     1.9  IW    1  <J>9  VUCI 

\  g 

11.0 

- 

1  1.0 

8.25 

1 1 .0 

Output  Drive  Current  (AL  Device) 

'oh 

mAdc 

IVqh  =  2.5  Vdc)  Source 

5.0 

-1.2 

- 

-1.0 

-1.7 

- 

—0.7 

(Vqj_j  =  4.6  Vdc)        Pins  4  &  5 

5.0 

-0.25 

— 

-0.2 

-0.36 

— 

-0.14 

(V0H  =  9.5  Vdc) 

10 

-0.62 

- 

-0.5 

-0.9 

-0.35 

_ 

(V0H  =13.5  Vdc) 

15 

-1.8 

- 

-1.5 

-3.5 

-1.1 

 — 

— 

(Vqh  =  2.5  Vdc)  Source 

5.0 

-3.0 

-2.4 

-4.2 

_ 

—  1.7 

 7~ — 

mAdc 

(Vqh  =  4.6  Vdc)            Pin  1 3 

5.0 

-0.64 

_ 

-0.51 

-0.88 

- 

—0.36 

'V0H     ^.b  v°c' 

1 .0 

-1.6 

- 

-1.3 

-2.25 

- 

 0  9 

IVnu  =13  5  Vdc) 

15 

-4.2 

-3.4 

-8.8 

-2.4 

(Vq|_  =  0.4  Vdc)  Sink 

'01 

5.0 

0.64 

0.51 

0.88 

0.36 

mAdc 

<Vql  =  0.5  Vdc) 

10 

1.6 

_ 

1.3 

2.25 

- 

IVql  =1.5  Vdc) 

1 5 

4.2 

- 

3.4 

8.8 

- 

2.4 

Output  Drive  Current 

'OH 

mAdc 

(CUCP  Device) 

(Vqx  °  2.5  Vdc)  Source 

5.0 

-1.0 

- 

-0.8 

-1.7 

- 

—  0  6 

(Vqh  a  4.6  Vdc)        Pins  4  &  5 

5.0 

-0.2 

— 

-0.16 

—0.36 

-0.12 

<V0H  =  9  5  Vdcl 

10 

—0.5 

—0.4 

—0.9 

-0.3 

- 

)V0H  =  13.5  Vds) 

15 

-1.4 

-1.2 

-3.5 

-1.0 

- 

|VOH  =  2.5Vdc)  Source 

5.0 

 2  1 

—4  2 

-1.7 

— 

mAdc 

|V0H  =  4.6  Vdc)             Pin  1 3 

5.0 

-0.52 

z 

-0.44 

-0.88 

_ 

-0.36 

- 

)VOH  =  9.5  Vdc) 

10 

-1.3 

- 

-1.1 

-2.25 

- 

-0.9 

IV/_.  .  ™  11  R  \Jr4r~l 

ivq^|  —  i  o.o  vaci 

1 5 

-3.6 

- 

-3.0 

-8.8 

- 

—  2.4 

(V0L  =  0.4  Vdc)  Sink 

'OL 

5.0 

0.52 

_ 

0.44 

0.88 

_ 

0.36 

— 

mAdc 

(Vq^  =  0.5  Vdc) 

10 

1.3 

_ 

1.1 

2.25 

_ 

0  9 

IVq|_  =  1.5  Vdc) 

1 5 

3.6 

- 

3.0 

8.8 

- 

2  4 

Input  Current 

'in 

15 

±0. 1 

±0.1 

- 

±1.0 

uAdc 

(AL  Device) 

o  nnom 

Input  Current 

'in 

1 5 

— 

±0.3 

±0.3 

±  1 .0 

MAdc 

(CUCP  Devicol 

0.00001 

Input  Capacitance 

Cin 

— 

5.0 

7.5 

pF 

<vin  =  0» 

Quiescent  Current  (AL  Device) 

'dd 

5.0 

6.0 

0.010 

5.0 

150 

uAdc 

(Per  Package) 

10 

10 

0.020 

10 

300 

15 

20 

0.030 

20 

600 

Quiescent  Current  (CUCP  Device) 

'dd 

5.0 

50 

0.010 

50 

375 

pAdc 

IPer  Package) 

10 

100 

0.020 

100 

750 

15 

200 

0.030 

200 

1500 

Total  Supply  Current "  "  t 

't 

5.0 

lT  =  11.15  (lA/kHzl  f  +  lD0 

MAdc 

(Dynamic  plus  Quiescent. 

10 

lT  =  12.3   u A/kHz)  f  +  lD0 

Per  Package) 

15 

T  =  (3.55  uA/kHzl  f  +  lD0 

(CL  »  50  pF  on  all  outputs. 

eD  buffers  switching) 

*Tlow"  -55'Cfor  AL  Dovico.  -40*C  for  CUCP  Dovtco.  fTo  calculate  total  supply  curront  al  loads  othor  than  50  pF: 

Thlgh  "  +  125*C  for  AL  Dovico,  +  BS'C  lor  CUCP  Dovico. 

lT<CL)  -  't<50  Pf>  +  <CL  "SO)  Vtk 

#Data  labollod  "Typ"  lo  not  to  bo  used  for  design  purposes  but  Is 
Intondod  ao  an  Indication  of  the  IC's  potential  porformanco.  whore:  lj  Is  In  iiA  (por  packago),  C|_  In  pF,  V  -  (Vqq  -  Vgg)  In  volts. 

f  In  kHz  Is  Input  froquoncy,  and  k  -  0.003. 

"The  formulas  givon  aro  for  the  typical  characteristics  only  at  25*C. 
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SWITCHING  CHARACTERISTICS*    1CL  =  SO  pF.  TA  -  25°CI 


Ch  victt*  in  ic 

Symbol 

Voo 

Min 

Typ  # 

Max 

Unit 

Output  Riso  and  Fall  Time  (Pin  13) 

'TLH- 

ns 

Iti  lj  Itu i    m  (\  ^  fift/nFl  f^i    -4-  ao 
•TLM*  *THL               i«u|jr|         t  «*3  na 

!THL 

5.0 

— 

100 

200 

*TLH-  *THL  ™  (0.75  os/pF)  C*_  +  12.5  ns 

10 

— 

50 

100 

*TLH*  THL      i«.aa  nssprf  ^**_  +  a. 3  ns 

15 

40 

80 

Prop OQSt ion  Deley  Time 

'PLH, 

ns 

'PHL 

'PLH,  'PHL  -        ns/pF)  C|_  +  1715  ns 

5.0 

1800 

3600 

'PLH  'PHL  *  '0.66  ns/pF)  Cl  +  617  ns 

10 

650 

1300 

toi  u  Idui  "(OS  ni/oFl  Ci  ♦  425  ns 

15 

450 

1000 

Clock  to  01,  8-Bypess  (Pin  6)  Low 

*  'PLH. 

MI 

'PLH,  'PHL  "  (I-7  ns/pF)  C|_  ♦  3715  ns 

'PHL 

5.0 

33 

7.6 

tni  c j   flniai    ■  If)  fifi  na/nF!  P.   4  na 
•PLH  *PHL     i*«w  ni/pr i         ■  m 

10 

lm  ■  i   tnin    m  tfl  f%  ni/nFl         4  IfsT*!  na 
*PLH  *PHL            nifjirj  ni 

15 

1*1 
1.1 

2.3 

Clock  to  Q16 

'PLH, 

Ml 

'PHL,  'PLH  "  (1-7  ns/pFJ  C|_  +  6915  ns 

»PHL 

5.0 

— 

7.0 

14 

'PHL  'PLH  ™  (0.66  ns/pF)  C|_  *  2967  ns 

10 

3.0 

6.0 

'PHL,  'PLH  "  '0.5  ns/pF)      +  2175  ns 

15 

2.2 

4.5 

Reset  to  Qn 

'PHL 

ns 

tpHL    ' '  ■  *  n*/prl  **L    ™  it>  ns 

5.0 

1500 

3000 

iBUI    m  (ft  Cfi  ni/nCl  P.    4  CA7  na 

10 

600 

1200 

•PHL    W.D  ns/prf       *  ns 

15 

450 

900 

Plfwl*  Pulu  UUIHtk 

UOCK  rUISO  moin 

»WH 

5.0 

600 

300 

" 

ns 

10 

200 

100 

15 

170 

85 

Clock  Pulse  Frequency 

*cl 

5.0 

1.2 

0.4 

MHz 

(50%  Duty  Cycle) 

10 

3.0 

IS 

15 

5.0 

2.0 

Clock  Rise  end  Fall  Time 

*TLH. 

5.0 

'THL 

10 

No  Limit 

15 

Reset  Pulse  Width 

<WH 

5.0 

1000 

600 

ns 

10 

400 

200 

15 

300 

150 

"The  formula)  alvon  are  lor  the  typical  characteristics  only  at  2S*C. 
#Oeta  labelled  "Typ"  is  not  to  bo  usod  (or  doslgn  purposes  but  is 
intondod  OS  an  indication  of  tha  IC's  potential  porfoimsnco. 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  V>n  and  vout  should  be 
constrained  to  the  range  Vss  *  (Vjn  or 
Vout)  «  V00. 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vgs 
or  Vqq).  Unused  outputs  must  be  left  open. 


PIN  ASSIGNMENT 


Sat 
Reset 
In  1 
Out  1 
Out  2 
8-Bypass 
Clock  Inh 

vss 


VDD 
Mono  In 
Osc  Inh 
Decode 
O 
C 

e 

A 


3  16 
315 
314 
3  13 
312 
3  1 1 
3  10 
J9 
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PIN  DESCRIPTIONS 


INPUTS 

SET  (Pin  1)  —  A  high  on  Set  asynchronously  forces 
Decode  Out  to  a  high  level.  This  is  accomplished  by  set- 
ting an  output  conditioning  latch  to  a  high  level  while  at 
the  same  time  resetting  the  24  flip-flop  stages.  After  Set 
goes  low  (inactive),  the  occurrence  of  the  first  negative 
clock  transition  on  IN,  causes  Decode  Out  to  go  low. 
The  counter's  flip-flop  stages  begin  counting  on  the  sec- 
ond negative  clock  transition  of  IN,.  When  Set  is  high, 
the  on-chip  RC  oscillator  is  disabled.  This  allows  for 
very  low-power  standby  operation. 

RESET  (Pin  2)  —  A  high  on  Reset  asynchronously 
forces  Decode  Out  to  a  low  level;  all  24  flip-flop  stages 
are  also  reset  to  a  low  level.  Like  the  Set  input,  Reset 
disables  the  on-chip  RC  oscillator  for  standby  operation. 

IN)  (Pin  3)  —  The  device's  internal  counters  advance 
on  the  negative-going  edge  of  this  input.  IN,  may  be 
used  as  an  external  clock  input  or  used  in  conjunction 
with  OUT,  and  OUT2  to  form  an  RC  oscillator.  When  an 
external  clock  is  used,  both  OUT,  and  OUT2  may  be  left 
unconnected  or  used  to  drive  1  LSTTL  or  several  CMOS 
loads. 

8-BYPASS  (Pin  6)  —  A  high  on  this  input  causes  the 
first  B  flip-flop  stages  to  be  bypassed.  This  device  es- 
sentially becomes  a  16-stage  counter  with  all  16  stages 
selectable.  Selection  is  accomplished  by  the  A,  B,  C, 
and  D  inputs.  (See  the  truth  tables.) 

CLOCK  INHIBIT  (Pin  7)  —  A  high  on  this  input  dis- 
connects the  first  counter  stage  from  the  clocking 
source.  This  holds  the  present  count  and  inhibits  further 
counting.  However,  the  clocking  source  may  continue  to 
run.  Therefore,  when  Clock  Inhibit  is  brought  low,  no  os- 
cillator start-up  time  is  required.  When  Clock  Inhibit  is 
low,  the  counter  will  start  counting  on  the  occurrence  of 
the  first  negative  edge  of  the  clocking  source  at  IN,. 

OSC  INHIBIT  (Pin  14)  —  A  high  level  on  this  pin 
stops  the  RC  oscillator  which  allows  for  very  low-power 


standby  operation.  May  also  be  used,  in  conjunction 
with  an  external  clock,  with  essentially  the  same  results 
as  the  Clock  Inhibit  input. 

MONO-IN  (Pin  15)  —  Used  as  the  timing  pin  for  the 
on-chip  monostable  multivibrator.  If  the  Mono-ln  input  is 
connected  to  Vss.  the  monstable  circuit  is  disabled,  and 
Decode  Out  is  directly  connected  to  the  selected  Q  out- 
put. The  monostable  circuit  is  enabled  if  a  resistor  is 
connected  between  Mono-ln  and  Vqd.  This  resistor  and 
the  device's  internal  capacitance  will  determine  the 
minimum  output  pulse  widths.  With  the  addition  of  an  ex- 
ternal capacitor  to  Vss-  ,ne  Pulse  wid,h  range  may  be 
extended.  For  reliable  operation  the  resistor  value 
should  be  limited  to  the  range  of  5  kfl  to  1 00  kft  and  the 
capacitor  value  should  be  limited  to  a  maximum  of  1000 
pf.  (See  figures  3,  4,  5,  and  10). 

A,  B,  C,  D  (Pins  9,  10,  11,  12)  —  These  inputs  se- 
lect the  flip-flop  stage  to  be  connected  to  Decode  Out. 
(See  the  truth  tables.) 

OUTPUTS 

OUT,,  OUT2  (Pin  4,  S)  —  Outputs  used  in  conjunc- 
tion with  IN,  to  form  an  RC  oscillator.  These  outputs  are 
buffered  and  may  be  used  for  2°  frequency  division  of 
an  external  clock. 

DECODE  OUT  (Pin  13)  —  Output  function  depends 
on  configuration.  When  the  monostable  circuit  is  dis- 
abled, this  output  is  a  50%  duty  cycle  square  wave  dur- 
ing free  run. 

TEST  MODE 

The  test  mode  configuration  divides  the  24  flip-flop 
stages  Into  three  8-stage  sections  to  facilitate  a  fast  test 
sequence.  The  test  mode  is  enabled  when  8-Bypass. 
Set  and  Reset  are  at  a  high  level.  (See  Figure  8.) 
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TRUTH  TABLES 


Input 

StsQO  Selected 
For  Docoda  Out 

8-Bypass 

0 

c 

B 

A 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

1 

10 

0 

0 

0 

1 

0 

11 

0 

0 

0 

1 

1 

12 

0 

0 

1 

0 

0 

13 

0 

0 

1 

0 

1 

14 

0 

0 

1 

1 

0 

15 

0 

0 

1 

1 

1 

16 

0 

0 

0 

0 

17 

0 

0 

0 

1 

18 

0 

0 

1 

0 

19 

0 

0 

1 

1 

20 

0 

1 

0 

0 

21 

0 

1 

0 

1 

22 

0 

1 

1 

0 

23 

0 

1 

1 

1 

24 

Input 

Staga  Soloctod 
For  Docodo  Out 

8-Bypaas 

0 

c 

B 

A 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

2 

1 

0 

0 

1 

0 

3 

1 

0 

0 

1 

1 

4 

1 

0 

1 

0 

0 

S 

0 

1 

0 

1 

6 

0 

1 

1 

0 

7 

0 

1 

1 

1 

S 

0 

0 

0 

9 

0 

0 

1 

10 

0 

1 

0 

11 

0 

1 

1 

12 

1 

0 

0 

13 

1 

0 

1 

14 

1 

1 

0 

15 

1 

1 

1 

16 

FUNCTION  TABLE 


int 

Sat 

Ratal 

Clock 
Inh 

osc 

Inh 

Out  1 

Out  2 

Decode 
Out 

J~ 

0 

0 

0 

0 

No 
Change 

"V 

0 

0 

0 

0 

Advance 
to 

next  state 

X 

1 

0 

0 

0 

0 

1 

1 

X 

0 

1 

0 

0 

0 

1 

0 

X 

0 

0 

1 

0 

No 
Change 

X 

0 

0 

0 

1 

0 

1 

No 
Change 

0 

0 

0 

0 

X 

0 

1 

No 
Change 

I 

0 

0 

0 

Advance 
to 

next  state 

X  -  Don't  Care 
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TYPICAL  RC  OSCILLATOR  CHARACTERISTICS 

(For  Circuit  Diagram  800  Flgura  11  in  Application) 


FIGURE  1  —  RC  OSCILLATOR  STABILITY 


-55  -25         D  25         SO         !5        100  125 

•Quiet  Only.  ,A  AMBIENT  TEMPERATURE  l°C)- 


FIGURE  2  —  RC  OSCILLATOR  FREQUENCY  AS  A 
FUNCTION  OF  RTC  AND  C 


101  itibk 
Rtc.  RESISTANCE  (OHMS) 
0  001  001 
C.  CAPACITANCE  luFI 


MONOSTABLE  CHARACTERISTICS 

(For  Circuit  Diagram  80a  Figure  10  In  Application) 


FIGURE  3  —  TYPICAL  Cx  versus  PULSE  WIDTH  @  VDd  =  S.O  V 

100  c 


10  too 

Cx.  EXTERNAL  CAPACITANCE  Ipf) 


FIGURE  4  —  TYPICAL  Cx  vsrsus  PULSE  WIDTH  @  VDD  =  10  V 

1Mb 


10  100 
Cx.  EXTERNAL  CAPACITANCE  (pFI 


FIGURE  S  —  TYPICAL  Cx  vsrsus  PULSE  WIDTH  @  V0D  =  IS  V 
100  p 


x.  10 
o 

s 
ss 

s 

5  '° 


For  (null  to  alcubting  tw  in 
(ntcfOfCcondi  if  n  lotlowt: 
W  ■  0.0024!  Rx-Cx185 

m 

«RX 

ankll 

cx 

in 

■F. 

Rx-  100U1 
Rx-SOUl 

;rx>  toui 

Ta 

7*1 

or 

VOO  ■  15  V 



10  100 

Cx.  EXTERNAL  CAPACITANCE  IpFI 
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FIGURE  6  —  FUNCTIONAL  TEST  CIRCUIT 


FUNCTIONAL  TEST  SEQUENCE 


Test  function  (Figure  8)  has  been  included  for  the  re- 
duction of  test  time  required  to  exercise  all  24  counter 
stages.  This  test  function  divides  the  counter  into  three 
B-stage  sections  and  255  counts  are  loaded  in  each  of 
the  8-stage  sections  in  parallel.  All  flip-flops  are  now  at 
a  "1".  The  counter  is  now  returned  to  the  normal  24- 
stages  In  series  configuration.  One  more  pulse  is  en- 
tered into  In,  which  will  cause  the  counter  to  ripple  from 
an  all  "1 "  state  to  an  all  "0"  state. 


FUNCTIONAL  TEST  SEQUENCE 


INPUTS 

OUTPUTS 

COMMENTS 

In, 

Set 

Reset 

8-Bypass 

Decade  Out 
Q1  thru  Q24 

All  24  stages  are  in  Reset  mode. 

1 

0 

i 

1 

0 

1 

1 

1 

1 

0 

Counter  is  in  three  8  stage  sections  in  parallel  mode 

0 

1 

l 

0 

First  "1"  to  "0"  transition  ol  clock 

1 
0 

1 

1 

1 

2SS  *'  1 "  to  "0"  transitions  are  clocked  in  the  counter 

0 

1 

l 

1 

1 

The  256  "1"  to  "0"  transition. 

0 

0 

0 

0 

1 

Counter  converted  back  to  24  stages  in  series  mode 
Sot  and  Reset  must  be  connected  together  and  simultaneously  go 
(com  "*  1"  to  "0" 

t 

0 

0 

0 

1 

lnj  Switches  to  a  "1". 

0 

0 

0 

0 

0 

Counter  Ripples  Irom  an  all  "1"  state  to  an  all  "0"  stale 
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FIGURE  9  —  TIME  INTERVAL  CONFIGURATION  USING  AN  EXTERNAL  CLOCK,  SET.  AND  CLOCK  INHIBIT  FUNCTIONS 

(0IVI0E-8V-2  CONFIGURED) 


Pulso 
Gen. 


Putse 
Gen. 


8>Bypaas 

A 

8 

C 

□ 

Resel 
OSC  INH 
Mono-ln 
Sel 

Clock  INH 
IN1 


Decode  Out 


vss 


Decode  Out 


J 

Power  Up 


Note:  When  power  is  first  applied  to  the  device,  Decode  Out  can  be  either  at  a  high  or  low  state.  On  the  rising  edge  of  a 
Set  pulse  the  output  goes  high  if  initially  at  a  low  state.  The  output  remains  high  if  initially  at  a  high  state.  Because  Clock 
Inh  is  held  high,  the  clock  source  on  the  input  pin  has  no  effect  on  the  output.  Once  Clock  Inh  is  taken  low,  the  output 
goes  low  on  the  first  negative  clock  transition.  The  output  returns  high  depending  on  the  8-Bypass.  A.  B,  C,  and  D  inputs, 
and  the  clock  input  period.  A  2n  frequency  division  (where  n  =  the  number  of  stages  selected  from  the  truth  table)  is 
obtainable  at  Decode  Out.  A  2°  -divided  output  of  INi  can  be  obtained  at  OUT,  and  OUT2. 
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-  TIME  INTERVAL  CONFIGURATION  USING  AN  EXTERNAL  CLOCK,  RESET,  AND  OUTPUT  MONOSTABLE  TO  ACHIEVE  A 
PULSE  OUTPUT.  (DIVIDE-BY-4  CONQIFURED). 


fix' 


Pulse 
Gen. 


6-Bypass 

A 

B 

c 

O 

Reset 
Set 

Clock  INH 
MonO'ln 
OSC  INH 
IN, 


V0D 


OUT  2 


VSS 


.0.85 


Power  Up 


Note:  When  Power  is  first  applied  to  the  device  with  the  Reset  input  going  high,  Decode  Out  initializes  low.  Bringing  the 
Reset  input  low  enables  the  chip's  internal  counters.  After  Reset  goes  low,  the  2"/2  negative  transition  of  the  clock  input 
causes  Decode  Out  to  go  high.  Since  the  Mono-ln  input  is  being  used,  the  output  becomes  monostable.  The  pulse  width 
of  the  output  is  dependent  on  the  external  timing  components.  The  second  and  ait  subsequent  pulses  occur  at  2"  x  (the 
clock  period)  intervals  where  n  =  the  number  of  stages  selected  from  the  truth  table. 
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FIGURE  11  —  TIME  INTERVAL  CONFIGURATION  USING  ON-CHIP  RC  OSCILLATOR  AND  RE8ET  INPUT  TO  INITIATE  TIME  INTERVAL 

(OIVIDE-BY-2  CONFIGURED) 


Pulso 
Gen. 


8-Bypass 

A 

B 

C 

D 

Reset 
OSC  INH 
MONO-IN 
Set 

Clock  INH 
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VSS 
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Power  Up 


mm   n  n  n  n 


1 
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2.3  Rte  C 

R»  »  "ic 
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R  -  Ohms 
C  -  FARADS 


Note:  This  circuit  is  designed  to  use  the  on-chip  oscillation  function.  The  oscillator  frequency  is  determined  by  the 
external  R  and  C  components.  When  power  is  first  applied  to  the  device.  Decode  Out  initializes  to  a  high  state.  Because 
this  output  is  tied  directly  to  the  Osc-inh  input,  the  oscillator  is  disabled.  This  puts  the  device  in  a  low-current  standby 
condition.  The  rising  edge  of  the  Reset  pulse  will  cause  the  output  to  go  low.  This  in  turn  causes  Osc-lnh  to  go  low. 
However,  while  Reset  is  high,  the  oscillator  is  still  disabled  (i.e.:  standy  condition).  After  Reset  goes  low,  the  output 
remains  low  for  2n/2  ol  the  oscillator's  period.  Alter  the  part  times  out,  the  output  again  goes  high. 
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DUAL  PRECISION  RETRIGGERABLE/RESETTABLE 
MONOSTABLE  MULTIVIBRATOR 


The  MC14538B  is  a  dual,  retriggerable,  resettable  monoslable 
multivibrator.  It  may  be  triggered  Irom  either  edge  of  an  Input  pulse,  and 
produces  an  accurate  output  pulse  over  a  wide  range  of  widths,  the  dura- 
tion and  accuracy  of  which  are  determined  by  the  external  timing  compo- 
nents, Cx  and  Rx- 

•  Unlimited  Rise  and  Fall  Time  Allowed  on  the  A  Trigger  Input 

•  Pulse  Width  Range  =  10  u.s  to  10  s 

•  Latched  Trigger  Inputs 

•  Separate  Latched  Reset  Inputs 

•  3.0  Vdc  to  18  Vdc  Operational  Limits 

•  Triggerabfe  Irom  Positive  (A  Input)  or  Negative-Going  Edge  (B-lnput) 

•  Capable  ol  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Pin-lor-pin  Compatible  with  MC14528B  and  CD4528B  (CD409B) 

■  Use  the  MC54/74HC4538  lor  Pulse  Widths  Less  Than  10  u.s  with  Sup- 
plies Up  to  6  V. 


MAXIMUM  RATINGS'  (Voltages  Roloroncod  lo  vss) 


'Maximum  Ratings  are  those  values  beyond  which  damage  to  tho  dovice  may  occur. 
fTemperaturo  Doraling:  Plastic  "P"  Package:  -  12mW/'C  from  65°C  to  85eC 

Ceramic  "L"  Package:  -  12mW/*C  Irom  100°C  to  125°C 


100 
MC14S28B 
MC14S36B 
MC14538B 
MC14541B 
MC14548B 
HC453B- 


ONE-SHOT  SELECTION  GUIDE 


ns     1  U.S     10  >is     100  u.s    1  ms     10  ms    100  ms     Is      10  9 


Symbol 

Parameter 

Value 

Unit 

vDd 

DC  Supply  Voltage 

-0.5  to  +  18.0 

V 

Vjn-  Vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  10  VDD  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

r10 

IDA 

PD 

Power  Dissipation,  per  Packagof 

500 

mW 

Ts1g 

Storago  Tomporature 

-65  to  -  150 

•c 

TL 

Load  Tomporature  (8-Socond  Soldering) 

260 

•c 

'LIMITED  OPERATING  VOLTAGE  (2-6V) 
Total  Output  Pulse  Width  Hango  <J  1> 


Recommended  Pulse  Width  Rango> 


MC14538B 


CMOS  MSI 

ILOW  POWER  COMPLEMENTARY  MOS) 

DUAL  PRECISION 
RETRIGGERABLE/RESETTABLE 
MONOSTABLE  MULTIVIBRATOR 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Sorios:  -  55*C  lo  +  1 25"C 

MC14XXXBAL  (Ceramic  Package  Only) 

CSorios:  -40"Clo  +  85"C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  ICeramic  Packago) 


□  LOCK  DIAGRAM 


-vw — 3VDD 


-36 
-o7 


J    f    VA  OVQD 


— r^L  02 

iic-§  q/  y  ai 


13c- 


J 


-310 
-09 


Rx  aria  Cg  ml*  ppilrfnal  i 
VDQ  -  Pin  16 
VSS  -  P.r.  B.  P,n  1,  P,n  15 
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ELECTRICAL  CHARACTERISTICS  (Voltagea  Rofomncsd  to  vss) 


VDD 

Tl< 

rw* 

28°C 

Th 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Mix 

Min 

Max 

Unit 

Output  Voltage                   "0"  Level 

Vm 

5.0 

0.05 

- 

0 

0.06 

0.06 

Vdc 

Vi«  ■  Vnn  or  0 
*  in    *  u  v  v  v 

10 

0j05 

- 

0 

0.05 

0.05 

—  

15 

0.06 

- 

0 

0.05 

0.05 

"1"  Level 

vOH 

5  0 

435 

435 

6.0 

- 

435 

Vdc 

V:.  ■  0  or  Vnn 

*  tn    www  uu 

10 

935 

935 

10 

- 

935 



15 

14.95 

15 

- 

1435 

Input  Vol  1090                      ^  Level 

VIL 

Vdc 

(vq    *»,o  or  u.o  vaci 

5.0 

1.5 

- 

2.25 

1.5 

~ 

1.5 

(Vq  ■  9.0  or  1 .0  Vdc) 

10 

3.0 

- 

4.50 

3.0 

3.0 

(V0-  13.5  or  1.5  Vdc) 

15 

4.0 

- 

6.75 

4.0 

4.0 

"1"  Level 

Vdc 

(Vq  -  0.5  or  4.5  Vdc) 

s.o 

3.5 

3.5 

2.75 

- 

3.5 

(Vq.*  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.60 

- 

7.0 

Wo- 15  of  135  Vdc) 

15 

11.0 

11.0 

8.25 

- 

11.0 

Outnut  Driva  Current  (AL  DawItaI 

'OH 

mAdc 

(Vqh  "  2.5  Vdc)  Source 

5.0 

-3.0 

-2.4 

-4.2 

- 

-1 .7 

(Vqh  "4:6  Vdc) 

5.0 

-0.64 

-031 

-0.88 

- 

-Q.36 

(Vqh  "  9-5  Vdc) 

10 

-1.6 

-1.3 

-2.25 

- 

-0.8 

IV0H  -  '3.6  Vdcl 

15 

-4.2 

-3.4 

-8.8 

— 

-2.4 

lvOL  "  0  4  Vdcl  Sink 

'OL 

5.0 

0.64 

031 

0.88 

0.36 

mAdc" 

(v0l  -  os  vdc) 

10 

1.6 

_ 

1 .3 

2.26 

03 

_ 

•vol  "«-s  vdei 

15 

4.2 

- 

3.4 

8.8 

2.4 

_ 

Output  Orivs  Current  (CL/CP  Device) 

<OH 

mAdc 

(VOH-2.5Vdc)  Source 

5.0 

-2.5 

- 

-2.1 

-4.2 

-1.7 

- 

(Vqh  "  4.6  Vdcl 

S.O 

-0.52 

— 

-0.44 

-038 

_ 

-0.36 

- 

(VoH  "  9.5  Vdc) 

10 

-1.3 

— 

-1.1 

-2.25 

-03 

- 

•  >OH         '  J  ■  .J  VUtl 

15 

-33 

-8.8 

_ 

-2.4 

- 

(Vol  "  0-4  Vdc)  Sink 

'OL 

5.0 

0.52 

- 

0.44 

0.88 

0.36 

- 

mAdc 

(Vol  ■  0.6  vdc) 

10 

1.3 

- 

1.1 

2.25 



03 

- 

(Vol  ■  1-5  vdc) 

15 

3.6 

- 

3.0 

8.8 

2.4 

- 

Input  Current,  Pin  2  or  14 

'in 

16 

- 

±0.05 

1 0.00001 

,  Qg 

— 

-.0.5 

uAdc 

Input  Current,  Other  Inputs  (AL  Device) 

'in 

15 

- 

10.1 

iO.00001 

iO.1 

_ 

il.O 

j<Adc 

Input  Current,  Other  Inputs  (CUCP  Device) 

'in 

IS 

- 

>0.3 

— 

tO.00001 

sOJ 

_ 

•  1.0 

fiAdc 

Input  Capacitance.  Pin  2  or  14 

Cln 

_ 



— 

25 

~ 

pF 

Input  Capacitance.  Dther  Inputs 

C|n 

5.0 

73 

pF 

IV|„  -  0) 

Quiescent  Current  (AL  Device) 

'do 

5.0 

6.0 

0.005 

6.0 

150 

ftAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

Q-Low.  a -High 

15 

20 

0.016 

20 

600 

Oiilmrant  Currant  (CI  IC"Q  Cto\\tlt*f*\ 

Inn 

'DD 

5.0 

20 

0.006 

20 

160 

pAdc 

(Par  Pnebtml 

10 

40 

0.010 

40 

300 

0  -  Low.  Q- High 

15 

z 

80 

0.015 

80 

600 

Quiescent  Current,  Active  State  (Both) 

■0D 

S 

2.0 

.04 

.20 

2.0 

mAdc 

(Per  Package) 

10 

2.0 

.08 

.45 

2.0 

Q-Hlgh, 'S=Lo»< 

IS 

2.0 

13 

.70 

2.0 

••Total  Supply  Current  at  an  external  load 

'T 

capacitance  (Cl>  and  at  external 

5.0 

'T 

-I3.6x 

10-2)  RxCxf  +4Cx*  +  1  x  10-6  cLl 

timing,  network  (Rg,  Cx) 

10.0 

'T 

-  18  x  lO"2)  RXCx<  +  9Cvt  +2x10-5  Cit 

15.0 

't 

-  (1.25 

x  10-1)  RxCgf  +  12Cxl  +3  x  10"sCl' 

where:  Ij  In  pA  (one  monostabie  switching  onlyl. 

Cx  in  uF,  Cl  in  pF,  Rx  In  k  ohrr 

ts.end 

I  in  Hz  is  the  Input  frequency. 

This  dsvlcs  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  circuit.  For 
proper  operation,  V|n  and  Vout  should  be 
constrained  to  the  range  Vss  *  <vin  or 
Vout)  *  VDD 

Unused  Inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vdd).  Unused  outputs  must  be  lett  open. 
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SWITCHING  CHARACTERISTICS*  (CL  =  50  pF,  TA  =  25»C) 


Vdc 

All  Types 

Cheracttriitic 

Symbol 

Min 

Typ* 

Max 

Unit 

Output  Rise  Time 

»TLH  -  (1.35  ns/pF)  CL  +  33  ns 
«TLH  •  10.60  ns/pF)  CL  +  20  ns 
<TLH  "  10.40  ni/pF)  CL  +  20  ns 

'TLH 

5.0 
10 
15 

100 
50 
40 

200 
100 
80 

ns 

Output  Fall  Time 

'THL  -  11.35  ns/pF)  CL  +  33  ns 
•THL  ■  10.60  ns/pF)  CL  ♦  20  ni 
«THL  -  (0.40  nt/pFI  CL  t  20  ns 

'THL 

5.0 
10 
15 

- 

100 
50 
40 

200 
100 
80 

ns 

Prorogation  Oetav  Time 
A  or  B  to  0  or  3 

'PLH.  tPHL  "  l0M  ns/pF)  CL  +  255  ns 
'PLH-  'PHL  "  10  :36  ns/pF)  CL  ♦  132  ns 
'PLH.  'PHL  "  10-26  ns/pF)  CL  ♦  87  ns 

<PLH. 
'PHL 

5.0 
10 
15 

300 
ISO 
100 

600 
300 
220 

ns 

Rosot  to  Q  or  Q 

'PLH-  'PHL  "  (0.90.  ns/pF)  CL  *  205  ns 
'PLH.  'PHL  "  l0-36  ni/pF)  C(_  ♦  107  ns 
■PLH.  'PHL  "  '0  26  ns/pFI  C|_  *  82  ns 

5.0 
10 
15 

250 
12S 
95 

500 
250 
190 

ns 

input  Risp  and  Fail  Times 
Reset 

',.  tf 

5 
10 
15 

15 

5 
4 

us 

B  Input 

5 
10 
15 

300 
1.2 
0.4 

1.0 
0.1 
0.05 

A  Input 

5 
10 
15 

No  Limit 

- 

Input  Pulse  Width 
A,  B,  or  Reset 

«WH, 
«WL 

S.0 
10 
IS 

170 
90 
80 

85 
45 
40 

ns 

Retrigger  Time 

<rr 

so 

10 
15 

0 
0 
0 

ns 

Output  Pulse  Width  -  O  or  2 
Refer  to  Figures  8  and  9 

Cx  •  0.002  (iF,  Rx  -  100  ktl 

T 

5.0 
10 
15 

198 
200 
202 

210 
212 
214 

230 
232 
234 

ft 

Cx  "  0.1  uF,  Rx  =  100  kn 

5.0 
10 
15 

8.3 
8.4 

9.5 

9.86 
10 

10.14 

10.5 
10.6 
10.7 

ms 

Cx  -  10|iF,Rx  =  100  kn 

5.0 
10 
15 

0.91 
0.92 
0.93 

0.965 

0.98 

0.99 

1.03 
1.04 
1.06 

s 

Pulse  Width  Match  between  circuits  in 
the  same  package. 
Cx-0.1  nF.Rx-100kn 

100IT,  -  T  jl 
Tl 

5.0 
10 
IS 

±1.0 
±1.0 
±1.0 

±5.0 
±5.0 
±5.0 

X 

"Tho  forinulas  glvon  era  lor  tho  typical  characteristics  only  et  25*C 

#Data  labelled  "Typ"  Is  not  to  bo  usod  for  ttoslQn  purposes  bul  Is 
Intondod  as  an  indication  of  tho  ICs  potential  porformanco. 

OPERATING  CONDITIONS 

External  Timing  Resistance 

*x 

S.0 

kn 

External  Timing  Capacitance 

Cx 

0 

No 
Limit  t 

uF 

*  The  maximum  usable  resistance      is  a  function  of  the  leakage  of  the  capacitor  Cx.  leakage  of  the  MC14538B,  and  leakage  due 

to  board  tayout  and  surface  resistance.  Susceptability  to  externally  induced  noise  signals  may  occur  for  Rx2*  1 
t  If  Cx2*  1 5  (iF,  use  discharge  protection  diode  per  Fig.  1 1 . 
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be  externally  grounded 


FIGURE  2  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORMS 

v0D 


3*: 


Cx"»x 


IS 


B 

Reset 

A' 

a- 

Reset' 


Ouiv  Cvde  '  50% 


FIGURE  3  -  SWITCHING  TEST  CIRCUIT 


•CL  -  SO  pF 


PulM 
Generator 


PulM 
Generator 


PulM 
Generator 


Cx'«x 

A 

0 

a 

Reset 

a 

A' 

a- 

B- 

□' 

Reset' 

^vss 


CL  ^ 


INPUT  CONNECTIONS 


CHARACTERISTICS 

Reset 

A 

B 

«PLH.  <PHL,  «TLH,  «THL. 
T-  *WH.  *WL 

v00 

PGt 

Vqo 

«PLH.  «PHL.  «TLH.  THL. 
T-  <WH.  «HVL 

vOD 

vss 

PG2 

•PLHIR).  tpHLIR). 
<WH'<Wl 

PG3 

PG1 

PG2 

•  Includes  capacitance  of  probes, 
wiring,  and  fixture  parasitic. 

PG2  • 

NOTE:  Switching  test  waveforms 

for  PG1,  PG2,  PG3  are  shown 

In  Figure  4.  pQ3  ■ 
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FIGURE  5  -  TYPICAL  NORMALIZED  DISTRIBUTION 
OF  UNITS  FOR  OUTPUT  PULSE  WIDTH 


-TA-2S-C  - 

.  Rx  -  too  m. 
cx  -  o.!  /if 


3 


I  I  I  I 


0%  POINT  PULSE  WIDTH  - 
Vod  -  5.0  V,T  -  9.Sms 
VDD  «=  10V.T  -  10 im 
Voo  -  IS  V.T  -  10.2  ma  " 


■4        2       0  34 
T.  OUTPUT  PULSE  WIOTH  l\l 


FIGURE  6  -  TYPICAL  PULSE  WIDTH  VARIATION  AS 
A  FUNCTION  OF  SUPPLY  VOLTAGE  VDD 


og 
5  to 

GC  UJ 

o  cc 


RX  -  IOC 

Ul 

C-0.1 

fF 

tj  9  10  II  12  I J 
VrjD  SUPPLY  VOLIAGI  IVullll 


FIGURE  7  -  TYPICAL  TOTAL  SUPPLY  CURRENT 
versus  OUTPUT  DUTY  CYCLE 
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FIGURE  8  -  TYPICAL  ERROR  OF  PULSE  WIDTH  FIGURE  9  -  TYPICAL  ERROR  OF  PULSE  WIDTH 

EQUATION  versus  TEMPERATURE  £  EQUATION  versus  TEMPERATURE 


3  Ta.  ambient  TEMPERATURE  (°CI  ta.  ambient  temperature  cci 


THEORY  OF  OPERATION 


FIGURE  10  -  Timing  Operation 


Reset 


Cx'Bx 


® 

J~L 


®  ® 

n  n  n 


® 


© 


V„f2 


«r.l1  ' 


j  i_r 


n 


Q  Potitfv*  edge  trlgotr 
@  Negative  edge  rrlggsr 
(5)  Positive  edge  Trigger 


@  Poiltlva  edge  re>rr[gger  (pulM  lengrhanlng) 
(§)  Rater  (pulie  irtortenlns) 


TRIGGER  OPERATION 

The  block  diagram  of  the  MC14S38B  is  shown  in 
Figure  1,  with  circuit  operation  f  ollowing. 

As  shown  in  Figure  1  and  10,  before  an  input  trigger 
occurs,  the  monostable  is  in  the  quiescent  state  with  the 
Q  output  low,  and  the  timing  capacitor  Cx  completely 
charged  to  Vqq.  When  the  trigger  Input  A  goes  from 
Vss  to  Vdd  (while  inputs  B  and  Reset  are  held  to  Vdd) 
a  valid  trigger  is  recognized,  which  turns  on  comparator 
C1  and  N-channel  transistor  N1  © .  At  the  same  time 
the  output  latch  Is  set.  With  transistor  N1  on,  the  capaci- 
tor Cx  rapidly  discharges  toward  Vss  until  Vref  1  is 
reached.  At  this  point  the  output  of  comparator  C1 
changes  state  and  transistor  N1  turns  off.  Comparator 
CI  then  turns  off  while  at  the  same  lime  comparator  C2 
turns  on.  With  transistor  N1  off,  the  capacitor  Cx  begins 


to  charge  through  the  timing  resistor,  Ry.  toward  Vdd- 
When  the  voltage  across  Cx  equals  Vref  2,  comparator 
C2  changes  state,  causing  the  output  latch  to  reset  (Q 
goes  low)  while  al  the  same  time  disabling  comparator 
C2  @.  This  ends  at  the  timing  cycle  with  the 
monostable  in  the  quiescent  state,  waiting  for  the  next 
trigger. 

In  the  quiescent  state,  Cx  is  fully  charged  to  Vdd 
causing  the  current  through  resistor  Rx  to  be  zero.  Both 
comparators  are  "off"  with  total  device  current  due  only 
to  reverse  junction  leakages.  An  added  feature  of  the 
MC14538B  is  that  the  output  latch  Is  set  via  the  input 
trigger  without  regard  to  the  capacitor  voltage.  Thus, 
propagation  delay  from  trigger  to  Q  is  independent  of 
the  value  of  Cx,  Rx>  or  the  duty  cycle  of  the  input 
waveform. 
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RETRIGGER  OPERATION 

The  MC14538B  is  retriggered  il  a  valid  trigger  occurs 
©  followed  by  another  valid  trigger  @  before  the  Q 
output  has  returned  to  the  quiescent  (zero)  state.  Any 
retrigger,  after  the  timing  node  voltage  at  pin  2  or  14  has 
begun  to  rise  from  Vre|  j ,  but  has  not  yet  reached  Vrei 
2,  will  cause  an  Increase  In  output  pulse  width  T.  When 
a  valid  retrigger  is  initiated  0 ,  the  voltage  at  Cx'Rx 
will  again  drop  to  Vre|  1  before  progressing  along  the 
RC  charging  curve  toward  Vqd-  The  Q  output  will  re- 
main high  until  time  T,  alter  the  last  valid  retrigger. 

RESET  OPERATION 

The  MC14538B  may  be  reset  during  the  generation  of 
the  output  pulse.  In  the  reset  mode  of  operation,  an  in- 
put pulse  on  Reset  sets  the  reset  latch  and  causes  the 
capacitor  to  be  last  charged  to  Vpp  by  turning  on  tran- 
sistor P1  © .  When  the  voltage  on  the  capacitor 
reaches  Vrej  2,  the  reset  latch  will  clear,  and  will  then  be 
ready  to  accept  another  pulse.  If  the  Reset  input  is  held 
low,  any  trigger  inputs  that  occur  will  be  inhibited  and 
the  Q  and  u  outputs  ol  the  output  latch  will  not  change. 
Since  the  Q  output  is  reset  when  an  Input  low  level  is 


detected  on  the  Reset  input,  the  output  pulse  T  can  be 
made  significantly  shorter  than  the  minimum  pulse  width 
specification. 

POWER-DOWN  CONSIDERATIONS 

Large  capacitance  values  can  cause  problems  due  to 
the  large  amount  ol  energy  stored.  When  a  system  con- 
taining the  MC14538B  is  powered  down,  the  capacitor 
voltage  may  discharge  from  Vqd  through  the  standard 
protection  diodes  at  pin  2  or  14.  Current  through  the  pro- 
tection diodes  should  be  limited  to  10  mA  and  therefore 
the  discharge  time  of  the  Vqd  supply  must  not  be  laster 
than  (Vqd)-  (C)/(10  mA).  For  example,  II  Vqd=  10  V 
and  Cx=  10  jiF,  the  Vqd  supply  should  discharge  no 
laster  than  (10  V)  x  (10  |iF)/(10  mA)  =  10  ms.  This  is 
normally  not  a  problem  since  power  supplies  are  heavily 
filtered  and  cannot  discharge  at  this  rate. 

When  a  more  rapid  decrease  ol  Vqd  to  zero  volts  oc- 
curs, the  MC14538B  can  sustain  damage.  To  avoid  this 
possibility  use  an  external  clamping  diode,  Dx,  con- 
nected as  shown  in  Fig.  1 1 . 


FIGURE  11  —  USE  OF  A  DIODE  TO  LIMIT 
POWER  DOWN  CURRENT  SURGE 
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TYPICAL  APPLICATIONS 


FIGURE  12  -  RETRIGGERABLE 
MONOSTABLES  CIRCUITRY 


FIGURE  13  -  NON-RETRIGGERABLE 
MONOSTABLES  CIRCUITRY 
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FIGURE  14  —  CONNECTION  OF  UNUSED  SECTIONS 
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DUAL  4-CHANNEL  DATA  SELECTOR/MULTIPLEXER 

The  MC14539B  data  selector/multiplexer  is  constructed  with 
MOS  P-channel  and  N-channel  enhancement  mode  devices  in  a  single 
monolithic  structure.  The  circuit  consists  of  two  sections  of  four  in- 
puts each.  One  input  from  each  section  is  selected  by  the  address 
inputs  A  and  B.  A  "high"  on  the  Strobe  input  will  cause  the  output 
to  remain  "low". 

This  device  finds  primary  application  in  signal  multiplexing 
functions.  It  permits  multiplexing  from  N-lines  to  1-line,  and  can  also 
perform  parallel-to-serial  conversion.  The  Strobe  input  allows  cas- 
cading of  n-lines  to  n-lines. 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Voltages  Rolerenced  lo  Vss) 


Symbol 

Parameter 

Value 

Unit 

Vdd 

DC  Supply  Voltage 

-0.5  to  -  18.0 

V 

Vin-  Voul 

Input  or  Output  Voltage  (DC  or  Transiont) 

-O  S  to  VDD  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  por  Pin 

-  10 

mA 

Pd 

Power  Dissipation,  por  Packaget 

500 

mW 

Tstq 

Storage  Temperaturo 

-65  to  -  150 

•c 

'L 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  boyond  which  damage  to  lho  device  may  occur. 
fTemperature  Derating:  Plastic  "P"  Packago:     IZmWVC  Irom  65°C  10  85eC 

Ceramic  "L"  Package:  -  12mW/"C  from  100°C  to  125'C 


TRUTH  TABLE 


ADDRESS 

DATA  INPUTS 

INPUTS 

X3 

X2 

XI 

xo 

OUTPUTS 

8 

A 

Y3 

Y2 

Y1 

YO 

ST.ST- 

2,  W 

X 

X 

X 

X 

X 

X 

1 

0 

0 

0 

X 

X 

X 

0 

0 

0 

0 

0 

X 

X 

X 

1 

0 

1 

0 

1 

X 

X 

0 

X 

0 

0 

0 

1 

X 

X 

1 

X 

0 

1 

1 

0 

X 

0 

X 

X 

0 

0 

1 

0 

X 

1 

X 

X 

0 

1 

1 

1 

0 

X 

X 

X 

0 

0 

1 

1 

1 

X 

X 

X 

0 

1 

X  =  Don't  Care 
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CMOS  MSI 

(LOW  POWEB  COMPLEMENTARY  MOSI 

DUAL  4-CHANNEL 
DATA  SELECTOR/MULTIPLEXER 


L  SUFFIX 
CERAMIC  PACKAGE 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Sorios:  -55°CIO  +125*C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Sorios:  -  40"C  lo  *  85"C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Coiamie  Packago) 


BLOCK  DIAGRAM 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


Von 

T|OW* 

2S-C 

T(, 

oh* 

Characteristic 

Symbol 

Vdc 

Mln 

Ma> 

Mln 

Typ# 

Max 

Mln 

r 

Max 

Unit 

Output  Voltage 

"0"  Level 

Vol 

5.0 



0.05 

0 

0.05 

— 

0.05 

Vdc 

V|n  =  Vqd  or  0 

10 

— 

0.05 

— 

0 

0.05 

— 

0.05 

15 

— 

0.05 

— 

0 

0.05 

0.05 

"1"  Level 

voh 

5.0 

4.95 

4.95 

5.0 

4.95 

— 

Vdc 

Vin  =  0  or  Vqd 

10 

9.95 

_ 

9.95 

10 

_ 

9.95 

— 

15 

14.95 

— 

14.95 

15 

— 

14.95 

— 

Input  Voltage 

"0"  Level 

VlL 

Vdc 

(Vo  =  4.5  ot  0.5  Vdc) 

5.0 

15 

225 

1.5 

— 

1.5 

(Vo  -  9  0  or  1.0  Vdc) 

10 

3.0 

4.50 

3.0 

— 

3.0 

(Vo  -  13.5  or  1.5  Vdc) 

15 



4.0 

_ 

6.75 

4.0 

— 

4.0 

"1"  Level 

V|H 

Vdc 

(V0  =  0.5  or  4.5  Vdc) 

5.0 

3.5 

3.5 

2.75 

3.5 

— 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

— 

(Vo  =  1.5  or  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 

_ 

11.0 

— 

Output  Drive  Current  (AL  Device) 

>OH 

mAdc 

(Voh  -  2-5  Vdc) 

Source 

5.0 

-3.0 

-2.4 

-4.2 

-1.7 

— 

(VoH  =  4.6Vde) 

5.0 

-0.64 

-0.51 

-0.68 

-0.36 

— 

(Voh  =  95  Vdc) 

10 

-1.6 



-1.3 

-2.25 

_ 

-0.9 

— 

(Voh  =  13.5  Vdc) 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

— 

(Vol  =  0.4  vdc) 

Sink 

"OL 

5.0 

0.64 

051 

0.68 

0.36 

— 

mAdc 

(Vol  =  o.5  vdc) 

10 

1.6 

_ 

1.3 

2.25 

0.9 

— 

(Vql  - 1.5  vdc) 

15 

4.2 

- 

3.4 

8.8 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

lOH 

mAdc 

(V0H  -  2.5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

- 1.7 

(Voh  -  «.s  vdc) 

5.0 

—  0.44 

—0.68 

-0.36 

(voh  =  9.5  vdc) 

10 

-1.3 

-1.1 

-2.25 

-0.9 

— 

(Voh  =  13.5  vde» 

15 

-3.6 



-3.0 

-8.8 



-2.4 

— 

Col  =  0.4  vdc) 

Sink 

"OL 

5.0 

0.52 

0  44 

0  68 

0.36 

— 

mAdc 

(Vol  -  0.5  vdc) 

10 

1.3 

1.1 

2.25 

0.9 

— 

(Vol  =  1-s  vdc) 

15 

3.6 



3.0 

8.8 



2.4 

— 

Input  Current  (AL  Device) 

•in 

15 

-0.1 

*  0.00001 

— — 

_ 

±1.0 

fiAdc 

Input  Current  (CL/CP  Device) 

tin 

15 

±0.3 

±0.00001 

±0.3 

±1.0 

'tAtlC 

Input  Capacitance 

Cin 

— 

— 

5.0 

7.5 

~ 

pF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

IDD 

5.0 

5.0 

0.005 

5.0 

— 

150 

pAdc 

(Per  Package) 

10 

_ 

10 

0.010 

10 

— 

300 

15 

20 

0.015 

20 

— 

600 

Quiescent  Current  (CL/CP  Device) 

>DD 

5.0 

20 

0.005 

20 

150 

)«Adc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

60 

0.015 

60 

600 

Total  Supply  Current"t 

"T 

5.0 

IT  =  (0.85  ;iA/kH2)  |  +  |DD 

pAdc 

(Dynamic  plus  Quiescent. 

10 

h;  =  (1.7mA/*Hz)I  +  Idd 

Per  Package) 

15 

IT  =  (2.6  uA/kHl)  f  +  inn 

(Ct  =  50  pF  on  all  outputs. 

all  buffers  switching) 

*Tlow"  -55'Ctor  ALDovlco,  -40*C  for  CL/CP  Devlco.  fTo  calculate  total  supply  currant  at  loads  othor  than  SO  pF: 

Th!gh°  +  125*C  tor  AL  Dovlco.  +  85'C  tor  CL/CP  Device. 

It<Cl>  -  lT<5°  PF)  +  (Ci.  -50)  Vfk 

#Data  labelled  "Typ"  Is  not  to  bo  used  tor  design  purposoa  hut  Is 
Intended  as  an  indication  of  tho  IC's  potential  perfonnaneo.  where:  lj  la  In  ttA  (per  package).  C(_  In  pF.  V  -  (Vnn- Vgg)  in  volts. 

f  In  kHz  la  Input  frequency,  and  k  •  0.002. 

"Tho  formulas  glvon  aro  tor  tho  typical  charactorlstlcs  only  at  25'C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  How- 
ever, precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
Impedance  circuit.  For  proper  operation,  V|n  and  Vout  should  be  constrained  to  the  range  Vss  *  <vln  or  Voul)  «  Vqq. 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vgs  or  Vqd)  Unused  outputs  must 
be  left  open. 
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SWITCHING  CHARACTERISTICS"    <CL  -  60  pF.  TA  -  26°C, 


UWIlUf  U1JC 

Symbol 

Voo 

Min 

Typ# 

Max 

Unit 

Output  Riso  and  Fall  Time 

•tlh- 

nt 

'TLH.  'THL  "  C  -5  na/pF)  C|.  +  25  m 

'THL 

6.0 

- 

100 

200 

'TLH-  'THL  -  (0-75  na/pF)  C|_  +  12.5  ns 

10 

- 

50 

100 

'TLH-  'THL  "  I0-55  n«/pF)  Cl  +  8-5  n» 

16 

— 

40 

80 

Propagation  Delay  Time 

«PLH. 

nt 

X,  V  Input  to  Output 

'PHL 

*PLH  *PHL    * '  •'  nirpri  \*|_  t  l  «o  nt 

5.0 

210 

420 

*PLH,  ™HL    WiOO  ns/pn  \*\^  ♦  o/  m 

10 

90 

160 

In i  i ■  tnin   m  In  RH  ntfnPl  ^»  A       n ■ 
■KLH,  'rHL     iupBb  mpri           ™  ni 

15 

70 

140 

A  Input  to  Output 

'PLH 

ni 

'PLH  B  (1-7nt/pF|  C|_  +  140  ns 

5.0 

225 

460 

tpLH  "  (0.66  nt/pF)  CL  +  77  nt 

10 

110 

220 

«PLH  "  '0.6  n«/pF)  CL  +  60  n« 

16 

B5 

170 

<PHL  "  ,1-7  <tt/pF)  CL  +  160  ni 

«PHL 

6.0 

245 

490 

nt 

IPHL  "  'O-66  <»/pFI  C(.  ♦  B2  ni 

10 

115 

230 

tpHL  "  (0.6  m/pF)  C|_  +  65  nt 

15 

90 

180 

Strobe  Input  to  Output 

«PLH, 

nt 

'PLH,  'PHL  *  C-7  n»/pF)  C\_  *  60  nt 

«PHL 

5.0 

146 

290 

'PLH,  «PHL  ■  <0-66  nt/pFI  Cl  +  42  ni 

10 

76 

150 

'PLH.  'PHL  "  W'S  ni/pFI  C|.  +  36  ni 

16 

60 

120 

•Trio  formulas  given  are  lor  tho  typical  characteristics  only  at  25*C. 


#0ata  labelled  "Typ"  is  not  to  bo  used  tor  design  purposes  but  Is 
Intondod  as  an  Indication  of  tho  IC*s  potential  performance. 
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FIGURE  1  -  AC  TEST  CIRCUIT  AND  WAVEFORMS 

"OD 

20  n 


A 

S 

ST 

z 

XO 

XI 

X2 

X3 

_ST* 

VO 

VI 

w 

V2 

va 

10  n«  —     j—  —J  - 


Output . 
<T«n  11 

Output 


'PLH-— 


(Tiflil  and  3\ 


/ 


-«THL 


*THL 


»TLH 
—  'PLH 


Input  Connectioni  for  tTLH-  *THL«  tpHL,  tPLH 


TEST 

STROBE 

A 

XO 

1 

Gnd 

Gnd 

P.O 

2 

P.G. 

Gnd 

VDO 

3 

Gnd 

P.G. 

VDD 

6-371 


MC14539B 


6-372 


MOTOROLA 


PROGRAMMABLE  TIMER 


The  MC14541B  programmable  timer  consists  of  a  16-stage  bihary 
counter,  an  integrated  oscillator  for  use  with  an  external  capacitor 
and  two  resistors,  an  automatic  power-on  reset  circuit,  and  output 
control  logic. 

Timing  is  initialized  by  turning  on  power,  whereupon  the  power- 
on  reset  is  enabled  and  initializes  the  counter,  within  the  specified 
VrjQ  range.  With  the  power  already  on,  an  external  reset  pulse  can 
be  applied.  Upon  release  of  the  initial  reset  command,  the  oscillator 
will  oscillate  with  a  frequency  determined  by  the  external  RC  net- 
work. The  16-stage  counter  divides  the  oscillator  frequency  If0scl 
with  the  n(h  stage  frequency  being  fosc^2n. 


Available  Outputs  28.  2  1  °.  2  1  3  or  216 
Increments  on  Positive  Edge  Clock  Transitions 

Built-in  Low  Power  RC  Oscillator 

l±  2%  accuracy  over  temperature  range  and  1  20%  sup 
ply  and  ±  3%  over  processing  at  <  1  0  kHz) 

Oscillator  May  Be  Bypassed  if  External  Clock  Is  Available  I  Ap 

ply  external  clock  to  Pin  3) 

External  Master  Reset  Totally  Independent  of  Automatic 
Reset  Operation 

Operates  as  2n  Frequency  Divider  or  Single  Transition  Timer 
QlG  Select  Provides  Output  Logic  Level  Flexibility 
Reset  lauto  or  master!  Disables  Oscillator  During  Resetting  to 
Provide  No  Active  Power  Dissipation 

Clock  Conditioning  Circuit  Permits  Operation  with  Very  Slow 
CLock  Rise  and  Fall  Times 

Automatic  Reset  Initializes  All  Counters  On  Power  Up 

Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc  with  Auto 

Reset  Disabled  (Pin  5  =  Vqd) 
=  8.5  Vdc  to  16  Vdc  with  Auto 
Reset  Enabled  (Pin  5  =  Vss) 


MAXIMUM  RATINGS"  (voltages  Relorencod  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Vollago 

-0.5  to  -  18  0 

V 

Vin.  vOUI 

Input  or  Output  Vollago  (DC  or  Transient) 

-0.5  to  Vqd  +0.5 

V 

l,n 

Inpul  Curront  (DC  or  Transient),  per  Pin 

i  10 

mA 

'oul 

Output  Current  (DC  or  Transient),  por  Pin 

=  45 

mA 

PD 

Power  Dissipation,  per  Packagot 

500 

mW 

Tstq 

Storage  Temperature 

-  65  to  -  150 

•c 

TL 

Lead  Tomperature  (8-Second  Soldering) 

260 

'C 

'Maximum  Ratings  are  thoso  values  boyond  which  damage  to  the  device  may  occur. 
tTomporalure  Derating:  Plastic  "P"  Package:  -  12mW/"C  from  65'C  to  85°C 

Coramic  "L"  Package:  -  12mW/"C  from  100°C  to  125°C 


MC14541B 


CMOS  MSI 

(IOWPOWER  COMPLEMENTARY  MOSI 

OSCILLATOR/TIMER 


CiBAM.cPic<AQt      plastic  fACKAGt 


UNO 

AS.r.as   -  55*C  To  I  (25"C 

CSariBS   -40*C10  •  BS'C 
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ELECTRICAL  CHARACTERISTICS  (Vonagos  Roloroncod  10  vss) 


vOD 

Tlow* 

25°C 

Thi 

Chirict  eristic 

Symbol 

Vdc 

Mln 

Mix 

Mln 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage               "0"  Lewi 

V0L 

5.0 

— 

0.05 

- 

0 

0.05 

0.05 

Vdc 

vin  vDDoru 

10 

- 

0.05 

- 

0 

0.05 

0  05 

15 

- 

0.05 

- 

0 

0.05 

0  05 

"1"  Level 

V0H 

5.0 

4.95 

- 

4.9S 

6.0 

- 

4S5 

~ 

Vdc 

Vf*>  "Dor  Vnn 

10 

9.S5 

- 

9.96 

10 

- 

9.95 

15 

1436 

- 

14.95 

15 

— 

14.95 

Input  Voltage                "0"  Level 

V|L 

Vdc 

(Vq  ■  4.5  or  0.5  Vdc) 

5.0 

- 

1.6 

- 

2.25 

1.6 

1.6 

(Vq  ■  9.0  or  i  .0  Vdc) 

10 

- 

3.0 

- 

4.60 

3.0 

3.0 

i vq     iiJmI  or  i  jo  voci 

15 

- 

4.0 

- 

6.75 

4.0 

4.0 

"1**  Level 

V|H 

Vdc 

5.0 

3.5 

- 

3.5 

2.75 

- 

33 

(Vq  -  1-0  or  9.0  Vdc) 

10 

7.0 

- 

7.0 

6.50 

- 

7.0 

<Vo~1£or135Vdc) 

15 

11.0 

— 

11X1 

8.25 

11.0 

Output  Drive  Current  (AL  Device) 

■oh 

mAdc 

•V0H         *dci  source 

5.0 

-7.96 

- 

-6.42 

-12.83 

- 

IliVtu  •OR  t/ftol 

10 

-4.19 

- 

-3.38 

-6.75 

- 

2  37 

**OH     i vocj 

15 

- 16.3 

-13.2 

-26.33 

—  9.24 

(Vol  *    vdc'  sin|c 

Ini 

5.0 

133 

1  56 

1  \o 

tl.lc 

1.09 

(Vol -os  vdc) 

10 

436 

_ 

4.0 

8.0 

_ 

2.8 

_ 

(VoL"»-6V<(el 

15 

19.3 

- 

15.6 

31-2 

- 

103 

- 

Output  Drive  Currant  (CL/CP  Device  I 

'OH 

mAdc 

(Vqh  *  2-5  Vdc)  Sourco 

5.0 

-S.1 

- 

-4.27 

-12.83 

- 

-3.5 

- 

(Vqh  VdCI 

10 

-2.69 

- 

-2.25 

-6.75 

- 

- 1 .85 

[unu  *  13  5  Vdcl 

15 

-10.5 

- 

-8.8 

-26.33 

- 

—  7.22 

(Vol  ™  0,4  Vdc)  Sink 

'OL 

5.0 

1.24 

- 

1.04 

3.12 

- 

0.86 

(Vql  *  05  vdc) 

10 

3.18 

— 

2.66 

8.0 

2.18 

(Vol*  15  Vdc) 

15 

12.4 

10.4 

3U 

— 

830 

~_ 

Input  Current  (AL  Device) 

'in 

15 

_ 

■0.1 

_ 

10.00001 

tO.1 

*~ 

sl.O 

pAdc 

Input  Current  (CL/CP  Device) 

•in 

IS 

tO.3 

tO.00001 

10.3 

_ 

il.O 

uAdc 

Input  Capacitance 

C|n 

_ 

_ 

6.0 

7.5 

pF 

(V[n-0> 

Quiescent  Current  (AL  Device) 

pAdc 

5.0 

— 

5.0 

— 

0.005 

6.0 

160 

(Pin  S  b  High) 

'dd 

10 

10 

0.010 

10 

300 

Auto  Rust  Disabled 

15 

20 

0.015 

20 

_ 

600 

flu tiium rit  f?ttrmnf        1(^9  fVtuinti 

WUIvMfVlll  wUelfJtll  IvUwT  LnVI 

MAdc 

6.0 

20 

0.005 

20 

150 

(Pin  S  i<  High) 

IQD 

10 

40 

0.010 

40 

_ 

300 

Auto  Ron  Disabled 

15 

SO 

0.016 

80 

600 

Auto  Reset  Quiescent  Current 

uAdc 

10 

260 

30 

260 

1500 

(Pin  S  It  low) 

16 

600 

82 

600 

2000 

Supply  Current**? 

MAdc 

(Dynamic  plus  Quiescent) 

6.0 

lD-(0.4|iA/kHz)f+  Iqq 

Id 

10 

Iq  -  (0.8  uA/kHz)  f  +  >00 

15 

l0-  <1.2uA/kHllf  +  IQD 

Tlow-  -S5*C  for  AL  Devlco.  -40°c  ford/CP  Device. 
Thish-  *l25*Cfor  ALDovlco.  +  85*Clor  CUCP  Oovlco. 

#0e1e  Isbollod  "TVp"  is  not  to  bo  used  for  design  purposes  but  Is 
Intended  es  an  Indicetlon  of  trio  IC'e  potentiel  performance. 

"Tho  formulae  given  are  for  tho  typical  characterietlce  only  at  2S*C. 

tWhen  using  the  on  chip  oscillator  the  total  supply  current  (In 
iiAdc)  becomes:  It-Id  +  2  Ctc  ^OD  *x10~3  where  Iq  Is  In 
MA.  Ctc  13     PF.  VDD  ln  Vol,s  DC.  and  f  In  kHz.  (see  tig.  3) 
Dissipation  during  power-on  with  automatic  reset  enabled  is 
typically  SOuA  <§  VDD-  10Vdc. 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  ol 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-Impedance  circuit.  For 
proper  operation,  Vin  and  VOUf  should  be 
constrained  to  the  range  Vss  «  (V|n  or 
V0ut)  <  Vdd- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vqo)*  Unused  outputs  must  be  left  open. 
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SWITCHING  CHARACTERISITCS*   <CL  -  SO  PF.TA  -  2S0C) 


CttSaracteriitic 

Symbol 

Vnn 

Min 

Typ  # 

Max 

Unit 

Output  Rise  and  Fall  Tlma 

'TLH, 

ns 

*TLH»  'THL  a        na/pF)  CL  +  25  na 

5.0 

- 

100 

200 

(TLH<  *THL  °  t°-75  naVpF)  Cl  +  12  5  na 

'THL 

10 

- 

50 

100 

*TLH>  tTHL  -  (0.55  na/pFJ  Cl  +  9*5  na 

16 

— 

40 

80 

Pmnimntinn  nnlnv  Pln^k  to  O   (7^  Oiitnutt 

'PLH 

MS 

'PLH,  'PHL  "       n»/PF)  Cl  +  3415  ns 

'PHL 

6.0 

_ 

3.5 

10.6 

'PLH,'  'PHL  "  W-66  n«A»Ff  C(_  +  1217  nt 

10 

- 

1.25 

3.8 

'PLH.  'PHL  *  M>.5  ns/pF)  Cl  +  87S  R> 

16 

— 

0.9 

23 

Propagation  Delay,  Clock  to  Q  (2 1  °*  Output) 

'PHL 

cs 

•PHL.  'PLH  '       ni/pFI  Cl  +  S918  ni 

'PLH 

6.0 

- 

6.0 

18 

tpHL,  'PLH  "  W-66  ni/pF(  Cl  +  3467  nt 

10 

_ 

3.S 

10 

'PHL.  'PLH  "  <0-8  m/pF)  Cl  +  2476  n» 

15 

_ 

2.5 

7.6 

Clock  Pulse  Width 

<WH(cl) 

5.0 

soo 

300 

- 

ns 

10 

300 

100 

- 

16 

225 

85 

- 

Clock  Pulae  Frequency  (50%  Duty  Cycls) 

'cl 

5.0 

1.5 

0.75 

MHz 

10 

4.0 

2.0 

15 

6.0 

3.0 

MR  Pulse  Width 

<WH(Rt 

6.0 

900 

300 

ns 

10 

300 

too 

16 

225 

86 

Maater  Raaat  Removal  Time 

'rom 

5.0 

420 

210 

na 

10 

200 

100 

15 

200 

100 

*Tho  formulas  given  sro  for  tho  typical  characteristics  only  at  25'C.  #Data  labollod  "Typ"  is  not  to  be  used  for  design  purposes  but  Is 

Intonded  as  an  Indication  of  the  IC's  potential  performance 


FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT 
AND  WAVEFORM 
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"s 

AR 
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Q/a  Salact 

Mod*  Q 

A 

r 

B 

MR 

^  ^L 


(Rte  and  Ct0  outputs  aro  latt  open) 


son 

Duty  Cycls 


FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 
AND  WAVEFORMS 
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EXPANDED  BLOCK  DIAGRAM 


0 


"tc  '  < 

ns  3  < 


Ok 
Ratal 


8<$taga  28 
Couniar 


Auto  n*«t 

6  O  


Powar-On 

R«M1 


A 


10 
Mod* 


6 
9 

a/5 

Salact 


V00  -  Ph  14 

Vss  -  Pin  1 


FREQUENCY  SELECTION  TABLE 


TRUTH  TABLE 


A 

B 

Number  of 
Counter  Staoos 
n 

Count 
2" 

0 

0 

13 

B192 

0 

1 

10 

1024 

1 

0 

8 

256 

1 

1 

16 

65S36 

Pin 

Stats 

0 

1 

Auto  RO90I.  5 

Auto  Ratal  Oper- 
ating 

Auto  Raiat 
Dllablad 

Master  Reset,  6 

Timer  Operational 

Mactar  RatatOn 

Q/S.  9 

Output  Initially 
Low  Af  tar  Raaat 

Output  Initially  Won 
Aftar  Raiat 

Mode.  10 

Slngla  Cycla  Moda 

Racycla  Moda 
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TYPICAL  RC  OSCILLATOR  CHARACTERISTICS 

FIGURE  4  -  RC  OSCILLATOR  STABILITY  FIGURE  6  -  RC  OSCILLATOR  FREQUENCY  AS  A 

FUNCTION  OF  RTC  AND  CTC 


-55        -  25         0  25         50         75         100       125  1.0k  10k  1O0k  1.0  m 


Ta.  AMBIENT  TEMPERATURE  CCI  RTO  RESISTANCE  (OHMSI 

0.0001  0.001  0.01  0-1 

C.  CAPACITANCE  ImF) 


OPERATING  CHARACTERISTICS 


With  Auto  Reset  pin  set  to  a  "0"  the  counter  circuit  is 
initialized  by  turning  on  power.  Or  with  power  already  on, 
the  counter  circuit  is  reset  when  the  Master  Reset  pin  is  set 
to  a  "1".  Both  types  of  reset  will  result  in  synchronously 
resetting  all  counter  stages  independent  of  counter  state. 
Auto  Reset  pin  when  set  to  a  "1"  provides  a  low  power 
operation. 

The  RC  oscillator  as  shown  in  Figure  3  will  oscillate 
with  a  frequency  determined  by  the  external  RC  net- 
work i.e., 

f°  }3RteCtc      if  0  kHz<f<100  kHz) 

and     Rs  »  2  Rtc  where  R§  >  10  kfi 

The  time  select  inputs  (A  and  Bl  provide  a  two-bit 
address  to  output  any  one  of  four  counter  stages  (28,  210, 
2'3  and  21").  The  2"  counts  as  shown  in  the  Frequency 
Selection  Table  represents  the  Q  output  of  the  Nm  stage 
of  the  counter.  When  A  is  "1",  216  is  selected  for  both 


states  of  B.  However,  when  B  is  "0",  normal  counting  is 
interrupted  and  the  9th  counter  stage  receives  its  clock 
directly  from  the  oscillator  (i.e.,  effectively  outputing  28). 

The  Q/Q  select  output  control  pin  provides  for  a  choice 
of  output  level.  When  the  counter  is  in  a  reset  condition 
and  Q/Q  select  pin  is  set  to  a  "0"  the  Q  output  is  a  "0", 
correspondingly  when  Q/Q  select  pin  is  set  to  a  "1"  the 
Q  output  is  a  "1". 

When  the  mode  control  pin  is  set  to  a  "1",  the 
selected  count  is  continually  transmitted  to  the  output. 
But,  with  mode  pin  "0"  and  after  a  reset  condition  the 
RS  flip-flop  (see  Expanded  Block  Diagram)  resets, 
counting  commences,  and  after  2n'^  counts  the  RS 
flip-flop  sets  which  causes  the  output  to  change  state. 
Hence,  after  another  2n'1  counts  the  output  will  not 
change.  Thus,  a  Master  Reset  pulse  must  be  applied  or 
a  change  in  the  mode  pin  level  is  required  to  reset  the 
single  cycle  operation. 


DIGITAL  TIMER  APPLICATION 


When  Master  Reset  (MR)  receives  a  positive  pulse,  the 
internal  counters  and  latch  are  reset.  The  Q  output  goes 
high  and  remains  high  until  the  selected  (via  A  and  Bl 
number  of  clock  pulses  are  counted,  the  Q  output  then 
goes  low  and  remains  low  until  another  input  pulse  is 
received. 

This  "one  shot"  is  fully  ratriggerable  and  as  accurate  as 
the  input  frequency.  An  external  clock  can  be  used  (pin 
3  is  the  clock  input,  pins  1  and  2  are  outputs)  if  additional 
accuracy  is  needed. 

Notice  that  a  setup  time  equal  to  the  desired  pulse 
width  output  is  required  Immediately  following  initial 
power  up,  during  which  time  Q  output  will  be  high. 


1+lMR 
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BCD-TO-SEVEN  SEGMENT  LATCH/DECODER/DRIVER 
for  LIQUID  CRYSTALS 


The  MC14543B  BCD-loseven  segment  latch/decoder/driver  is 
designed  for  use  with  liquid  crystal  readouts,  and  is  constructed  with 
complementary  MOS  (CMOS)  enhancement  mode  devices.  The  cir- 
cuit provides  the  functions  of  a  4-bit  storage  latch  and  an  842 1  BCD- 
to-seven  segment  decoder  and  driver.  The  device  has  the  capability 
to  invert  the  logic  levels  of  the  output  combination.  The  phase  (Ph), 
blanking  (Bl),  and  latch  disable  (LD)  inputs  are  used  to  reverse  the 
truth  table  phase,  blank  the  display,  and  store  a  BCD  code,  respec- 
tively. For  liquid  crystal  (LC)  readouts,  a  square  wave  is  applied  to 
the  Ph  input  of  the  circuit  and  the  electrically  common  backplane 
of  the  display.  The  outputs  of  the  circuit  are  connected  directly  to 
the  segments  of  the  LC  readout.  For  other  types  of  readouts,  such 
as  light-emitting  diode  (LED),  incandescent,  gas  discharge,  and 
fluorescent  readouts,  connection  diagrams  are  given  on  this  data 
sheet. 

Applications  include  instrument  (e.g.,  counter,  DVM  etc.)  display 
driver,  computer/calculator  display  driver,  cockpit  display  driver, 
and  various  clock,  watch,  and  timer  uses. 

■  Latch  Storage  of  Code 

•  Blanking  Input 

•  Readout  Blanking  on  All  Illegal  Input  Combinations 

•  Direct  LED  (Common  Anode  or  Cathode)  Driving  Capability 

•  Supply  Voltage  Range  =  3.0  V  to  18  V 

•  Capable  of  Driving  Two  Low-power  TTL  Loads,  One  Low-power 
Schottky  TTL  Load  or  Two  HTL  Loads  Over  the  Rated  Temper- 
ature Range 

•  Pin-for-Pin  Replacement  for  CD4056A  (with  Pin  7  Tied  to  Vgsl- 

•  Chip  Complexity:  207  FETs  or  52  Equivalent  Gates 


MAXIMUM  RATINGS  (Voltages  referenced  to  Vss) 


Rating 

Symbol 

Valuo 

Unit 

DC  Supply  Voltage 

vdd 

-0.5  to  +1B 

V 

Input  Voltage.  All  Inputs 

Vin 

-0.5  to  Vqq  ♦  0.5 

V 

DC  Input  Current  per  Pin 

■in 

s10 

mA 

Operating  Temperature  Range  -  AL  Device 
CL/CP  Device 

TA 

-55  10  +125 
-10  to  +85 

°C 

Storane  Temperature  Rancc 

Tstg 

-65  to  +150 

°C 

Maximum  Continuous  Output  Drive  Current 
(Source  or  Sink)  per  Output 

'OHmax 
'OLmax 

10 

mA 

Maximum  Continuous  Output  Power* 
(Source  or  Sink)  per  Output 

pOHmax 
pOLmax 

70 

mW 

"pOHmox  "  'OH  IV0H  •  VddI  ant)  pO  Lmax  "  'OL  ^OL  "  ^SS' 


MC14543B 


CMOS  MSI 

ILOW-POWER  COMPLEMENTARY  MOSI 

BCD-TO-SEVEN  SEGMENT 
LATCH/DECODER/DRIVER 

for 

LIQUID  CRYSTALS 


L  SUFFIX  PSUFFIX 
CERAMIC  PACKAGE         PLASTIC  PACKAGE 
CASE  620  CASE  648 


ORDERING  INFORMATION 

A  Seiies:  -55°C  to  +  125°C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40°C  (o  +85°C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Packagel 


TRUTH  TABLE 


lr*FUT5 

OUTPUTS 

LD 

in 

a   €   B  A 

t   b   t    tf   r    1  g 

DitpJ#* 

K 

O 

■     v     ■  h 

0    0    0    0    0    0  0 

''■ 
■> 

o 
r> 

□ 

0 
0 

9 

o  a  o  rj 
a  o  o  i 

g  O  1  q 
q  n  1  t 

1  i-  f  T  \  \  I 

0  1    10    0    0  0 
110    110  1 

1  1    1    1    0    0  1 

1 

3 
1 

fl 
a 
ii 

-:s 

p 

0 
0 

D  I  5  fl 

0    10  1 

o  i  i  q 

0     1     1  T 

0  1    1    □    0    1  \ 

t  o  i  i  q  i  i 

1  a  i  i  i  i  i 
i   i   i  q  □  o  o 

4 

t 

j 

n 
D 
0 
■'■ 

0 

D 
□ 
a 

1    Q.   Q  0 

loot 

1    0   1  0 
1    0    t  1 

1     1     1     1     T     1  I 

\    1     <    1    &    1  1 

0    0    0    0    0   0  0 
0    0    0    0    0    0  0 

n 

D 

0 

D 

□ 

0 

q 

1    1    0  fl 
I   1   o  > 
1  r  t  1 

0    0    0    0   0    0  0 
0   0    0    0   0    0  0 
0   0    0    0   0    0  0 
0   0    0    0    0   0  0 

Mi*** 

0 

<l 

q 

X    X    X  X 

Invent  ol  Ouipui 

Comhmjlioni 
Abnu 

Ditouy 

X      Don  i  cir* 

1  -  Abovt  Combin Jiioni 

*  -  For  liquid  <iyiU"  'cjdouit   JOpiy  '  huki  ni't  to  Ph 
Fat  common  cathode  LED  >e#jouiv  m'«i  Ph  O 
Foi  common  jnodr  LED  itddoult.             Ph  "  1 

'  '  •  Oepenrli  upiin  the  BCD  code  picu.ouily  jppl.id  when  LD  1 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


VDD 

T|ow" 

2S°C 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Unit 

Output  Voltage 

0"  Level 

vOL 

60 

— ooi — 

0  05 

0  05 

V 

V,n  VD0orO 

10 

0.05 

0 

0.05 

0.05 

15 

0  05 

o 

0  05 

0  05 

'1"  Level 

V0H 

5.0 

4.95 

4.95 

5.0 

4.95 

V 

V,n  OorVDO 

10 

9.95 

- 

9  95 

10 

9.95 

~ 

15 

14.95 

- 

14.95 

15 

- 

14.95 

- 

Input  Voltage  y 

0"  Level 

VIL 

V 

IVq    4,5  or  0.5  V) 

5.0 

1.5 

2.25 

1.5 

_ 

1.5 

IV0    9  0  or  1.0  V) 

10 

3.0 

4.50 

3.0 

3.0 

IV0    13.5  or  1.5  VI 

15 

4.0 

6.75 

4.0 

_ 

4.0 

1"  Level 

V|H 

IV0    0.5  Or  4.5  V) 

5.0 

3.5 

3.5 

2.75 

3.5 

V 

(V0     1.0  or  9.0  VI 

10 

7.0 

7.0 

5.50 

_ 

7.0 

_ 

IV0     I  5  Or  13.5  VI 

15 

1 1 .0 

1 1 .0 

8.25 

_ 

1 1.0 

Output  Drive  Current  (AL  Oevice) 

'OH 

mA 

IV0H  -2J5V) 

Source 

SO 

—3.0 

-2.4 

-4.2 

-1.7 

(V0H  =  4.6V) 

5.0 

—0.64 

-0.51 

-0.88 

-0.36 

|VOH-05V1 

10 

-10.1 

IVOH  "  9-S  V) 

10 

-1.6 

_ 

-1.3 

-2.25 

-0.9 

_ 

(V0H  -  13.5  V) 

15 

-42 

-3.4 

-8.8 

_ 

-2.4 

- 

ivql  '  0.4  vi 

Sink 

'OL 

5.0 

0.64 

0.51 

0.88 

_ 

0.36 

_ 

mA 

(voL  °-6  vl 

10 

1.6 

1.3 

2.25 

_ 

0.9 

- 

ivql  ' 9  5  vl 

10 

- 

- 

10.1 

- 

- 

(v0L  •  1-5  vi 

15 

42 

3.4 

8.8 

2.4 

Output  Drive  Current  ICL/CP  Device) 

'OH 

mA 

IVOH  ■  2.5  V) 

Source 

5.0 

-2.5 

- 

-2.1 

-4.2 

- 

-1.7 

(V0H  *  4.6  V) 

5.0 

—0.52 

—0.44 

—0.36 

(V0H  =0.5V) 

10 

—10.1 

(Vqh  *  9  6  V) 

10 

—1.3 

—  1.1 

—2.25 

-0.9 

(V0H  2  135  V) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

_ 

(Vol  "  0  4  v> 

Sink 

'OL 

5.0 

0.52 

_ 

0.44 

0.88 

_ 

0.36 

_ 

mA 

(Vol  •  0-5  v) 

10 

1.3 

- 

1.1 

2.25 

- 

0.9 

- 

ivql  1  as  v' 

10 

- 

- 

- 

10.1 

- 

- 

- 

ivql  -  i  5  vi 

15 

3.6 

- 

3.0 

8.8 

2.4 

- 

 - — 

Input  Current  IAL  Device) 

'in 

15 

•0  1 

1 0  00001 

■0  1 

;  l  0 

Input  Current  ICL/CP  Device) 

'in 

15 

•-03 

•000001 

!0.3 

:  1.0 

uA 

Input  Capacitance 

C,n 

- 

5  0 

7.5 

- 

pF 

Quiescent  Cuirent  (AL  Device] 

■do 

5  0 

50 

0.005 

5.0 

150 

mA 

(Per  Package)  Vjn"0  or  VDD. 

10 

10 

0.010 

10 

300 

I0ut  "  0  «A 

15 

20 

0.015 

20 

600 

Quiescent  Current  ICL/CP  Device) 

'DO 

5  0 

20 

0.005 

20 

150 

«A 

(Per  Package)  Vjn«0  or  Vqd. 

10 

40 

0.010 

40 

300 

lOut"0cA 

15 

80 

0.015 

80 

600 

Tot3l  Supply  Current ' '  1 

'T 

50 

lT=(1-6  uA/kH/l  1  •  lDt) 

(Dynamic  plus  Quiescent. 

10 

lT-(3.1  uA/kHj)  1  .  I00 

Per  Package) 

15 

lr"<4.7  ^A/kH/l  (  ♦  IDO 

(Cl"50  pF  on  all  outputs,  all 

huffcrs  switching) 

•T|0„    -55°C  lor  AL  Device. -40°C  lor  CL/CP  Device. 
Thigh    *125°C  lor  AL  Device.  i85°C  (or  CL/CP  Device 
-Noise  tmmunitv  spet'i'ied  lor  worst-case  input  combination. 
Noise  Margin  for  both  "1"  and  "0"  level  -  1.0  V  min  @  Vqq  »  S.0  V 

2.0  V  min®  Voo  "10  V 
2.5  V  min  @)  VoD  "  ,s  v 
tTo  calculate  tolal  supply  current  at  loads  other  than  50  pF: 
lT(CLl     Ijl50  pFI  »  3.5  «  10-3  (CL -501  VDDI 
where  It  is  in  uA  Iper  packagel.  CL  in  pF.  Vqq  in  V .  and  I  in  kHz  is  input  frequency. 
'  *The  formulas  given  are  for  the  typical  characteristics  only  at  25°C. 
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SWITCHING  CHARACTERISTICS*    (CL  =  50pF,TA  »  25°C) 


Character  istic 

Symbol 

Vqd 

Min 

Typ 

Max 

Unit 

Output  Riss  Time 

fTLH 

ns 

tTLH  3  ^3,0  ns/pF)  Cj^    30  n$ 

5  0 

100 

200 

tfLH  =  H.5  n$/pF)  Cl  *  15  ns 

10 

50 

100 

*TLH  B  I'.l  ns/pF)  C|_  +  10  n$ 

15 

40 

80 

Output  Fall  Time 

•THL 

ns 

tTHL  =  ( 1  -5  ns/pF)  Cl  *  25  n$ 

S  0 

100 

200 

«THL  "  10.75  ns/pFI  Cl  +  12.5  ns 

10 

50 

100 

<THL  "  I"-55  n$/pFI  C|_  +  12.5  ns 

15 

_ 

40 

80 

Turn-Off  Delay  Time 

'PLH 

tPLH  =  d-7  ns/pF*  C(_  +  520  ns 

5.0 

605 

1210 

tpLH  =  (0-66  ns/pF)  Cl  +  21 7  ns 

10 

_ 

250 

500 

tpLH  =  I0JB  ns/pF)  Cl  +  160  ns 

15 

_ 

185 

370 

Turn*On  Delay  Time 

,PHL 

ns 

tpHL  =  11.7  ns/pF)  Cl  +  120  ns 

5.0 

_ 

505 

1650 

tpHL  "  10-66  ns/pF)  Cl  +  172  ns 

10 

_ 

205 

660 

tpHL  =  (0.5  ns/pF)  Cl  +  130  ns 

15 

_ 

155 

495 

Setup  Time 

<su 

5.0 

350 

ns 

10 

460 

15 

600 

Hold  Time 

<h 

5.0 

40 

ns 

10 

30 

15 

20 

Latch  Disable  Pulse  Width  (Strobing  Datal 

5.0 

250 

125 

ns 

10 

100 

50 

15 

80 

40 

"The  formulas  given  are  for  the  typical  characteristics  only. 


LOGIC  DIAGRAM 


VDD  -  Pin  16 
VSS  *  Pin  8 


C  2 


D  4  O — £>°- 
-D  lO — P>°- 


I  1  ' 


35 


9  a 

10  b 

11  c 

12  d 

13  e 
15  I 

14  g 


Phase  6 


H>1>J 
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FIGURE  1  -  TYPICAL  OUTPUT  SOURCE  FIGURE  2  -  TYPICAL  OUTPUT  SINK 

CHARACTERISTICS  CHARACTERISTICS 


IVOH  VOD).  SOURCE  DEVICE  VOLTAGE  (Vrtc)  IVOL  -  VSS>.  SINK  OEVICE  VOLTAGE  IV.Ic) 


FIGURE  3  -  DYNAMIC  POWER  DISIPATION 
SIGNAL  WAVEFORMS 


Inputs  Bl  and  Ph  low.  and  Inputs  D  and  LO  high, 
f  in  respect  to  a  system  clock. 

All  outputs  connected  to  respective  Cj_  loads. 


Any  Output 


FIGURE  4  -  DYNAMIC  SIGNAL  WAVEFORMS 


la)  Inputs  D.  Ph.  and  Bl  low.  and  Inputs  A.  B,  and  LD  high 
20  ns  -»4  f« —  20  ns 

C 


<PHL 


'PLH 


50% 


"THL       <TLH  — '  >— 


VDD 

vSs 

V0H 

Vol 


(bl  Inputs  D,  Ph.  and  Bl  low,  and  Inputs   A  and  B  high. 
-20  ns 

 ■  VD0 


10% 


90% 

10% 


L_«h 


(cl  Data  DC8A  strobed  into  latches 


LD 


■  vSs 

■  VDD 
-  VSS 
-V0H 

■  vol 


■  VDD 

-vss 
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CONNECTIONS  TO  VARIOUS  DISPLAY  READOUTS 


MC14S43B 
Output 
Ph 


LIQUID  CRYSTAL  ILCI  READOUT 
Ons  ol  Ssven  Segment! 


/ 


Common 
Backplane 


mtnn  ~ 


/ 


_  Square  Waws 
(VSS  to  V0D) 


INCANDESCENT  READOUT 


Appropriate 
Voltago 


MC14S43B 

Output 

Ph 


I 


Jo  


±  VSS 


LIGHT  EMITTING  DIODE  (LED)  READOUT 


Common 
Cathode  LED 


Common 
Anode  LEO 


fvDD 


MC14S43B 
Output 
Ph 


r 


MC14543B 
Output 
Ph 


GAS  DISCHARGE  READOUT 


Appropriate 

Voltago 


y.— 


Nota:   Bipolar  transition  may  be  added  for  gain  l/or  Vqq  ^10V  or  lout  ^  10  mAr. 


PIN  ASSIGNMENT 


CONNECTIONS  TO  SEGMENTS 


LD  I  1* 

C  I  2 

B  I  3 

D  I 
A 

Ph  de 

Bl  I  7 

VSS  I 


4 

ds 


8 


'  V0D 


15  1  f 
14  )  g 
13  ]  e 


I  d 
I  c 
I  b 


91  a 


V0D  -  Pm  16 
VSS  "  P'hB 


n 
u 

i 
i 

^ 

3 

S' 

5 

5 

i 

8 

3 
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BCD-TO-SEVEN  SEGMENT  LATCH/DECODER/DRIVER 
FOR  LIQUID  CRYSTALS 

The  MC14544B  BCD-to-seven  segment  latch/decoder/driver  is 
designed  lor  use  with  liquid  crystal  readouts,  and  is  constructed  with 
complementary  MOS  (CMOSI  enhancement  mode  devices.  The  cir- 
cuit provides  the  functions  of  a  4-bit  storage  latch  and  an  8421  BCD- 
to-seven  segment  decoder  and  driver.  The  device  has  the  capability 
to  invert  the  logic  levels  of  the  output  combination.  The  phase  (Ph), 
blanking  (Bl),  and  latch  disable  (LD)  inputs  arc  used  to  reverse  the 
truth  table  phase,  blank  the  display,  and  store  a  BCD  code,  respec- 
tively. For  liquid  crystal  (LC)  readouts,  a  square  wave  is  applied  to 
the  Ph  input  of  the  circuit  and  the  electrically  common  backplane 
of  the  display.  The  outputs  of  the  circuit  are  connected  directly  to 
the  segments  of  the  LC  readout.  The  Ripple  Blanking  Input  (RBI I 
and  the  Ripple  Blanking  Output  (RBO)  can  be  used  to  suppress 
either  leading  or  trailing  zeroes. 

For  other  types  of  readouts,  such  as  light-emitting  diode  (LED), 
incandescent,  gas  dischartje,  and  fluorescent  readouts,  connection 
diagrams  are  given  on  this  data  sheet. 

Applications  include  instrument  (e.g.,  counter,  DVM  etc.)  display 
driver,  computer/calculator  display  driver,  cockpit  display  driver, 
and  various  clock,  watch,  and  timer  uses. 

•  Latch  Storage  of  Code 

•  Blanking  Input 

•  Readout  Blanking  on  All  Illegal  Input  Combinations 

•  Direct  LED  (Common  Anode  or  Cathodel  Driving  Capability 

•  Supply  Voltage  Range  =  3.0  V  to  18  V 

•  Capability  for  Suppression  of  Non-significant  zero 

•  Capable  of  Driving  Two  Low-power  TTL  Loads,  One  Low-power 
Schottky  TTL  Load  or  Two  HTL  Loads  Over  the  Rated  Temper- 
ature Range 


MAXIMUM  RATINGS  (Voltages  referenced  to  Vssl 


Rating 

Symbol 

Value 

Unit 

DC  Supply  Voltage 

VDD 

-0.5  to  +18 

Vdc 

Input  Voltage,  All  Inputs 

V,n 

-0.5  to  Vqd  +  0.5 

Vdc 

DC  Input  Current  per  Pin 

■in 

!|0 

mAdc 

Operating  Temperature  Range     AL  Device 
CL/CP  Device 

TA 

-55  to  +125 
-40  to  +85 

°C 

Storage  Temperature  Range 

Tsig 

-65  to  +150 

°C 

Maximum  Continuous  Output  Drive  Current 
(Source  or  Sink)  per  Output 

lOHma. 
'OLma« 

10 

mAdc 

Maximum  Continuous  Output  Power* 
(Source  or  Sink)  per  Output 

pOHmj« 
POLrrun 

70 

mW 

"POHmox  "  'OH  IVqh  '  VdD'  a"d  PC-max  =  'OL  'vOL  •  VSS> 


MC14544B 


CMOS  MSI 

ILOWPOWER  COMPLEMENTARY  MOSI 


BCD-TO-SEVEN  SEGMENT 
LATCH/DECODER/DRIVER 
WITH  RIPPLE  BLANKING 


CERAMIC  PACKAGE        PLASTIC  PACKAGE 
CASE  726  CASE  707 


ORDERING  INFORMATION 

A  Series:  -55°C  to  +  I25°C 
MCI4XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40°C  to  +  85°C 
MC14XXXBCP  IPIasnc  Package! 
MC14XXXBCL  (Ceramic  Package! 


PI 

■J  ASSIGNMENT 

LD  VDD 

911  • 

J  err 

C  1 
0  Q 

D  0 

•>  EC 

A  d 

£  rzz 

Ph  t 

-  — 

Bl  b 
HBO  e 

VSS  RB> 

ZD  10 

This  device  contains  circuitry  to  protect 
the  inputs  against  damage  due  to  high 
static  voltages  or  electric  fields;  however, 
it  is  advised  that  normal  precautions  be 
taken  to  avoid  application  of  any  voltage 
higher  than  maximum  rated  voltages  to 
this  high  impedance  circuit.  For  proper 
operation  it  is  recommended  that  V;nand 
Vout  be  constrained  to  the  range  Vgg  < 
(Vinor  VoutK  VDD. 
Unused  inputs  must  always  be  tied  to  an 
appropriate  logic  voltage  level  (e.g.,  either 
Vss  °r  VDD>- 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss> 


VDD 

Tlow* 

Z5°C 

Thigh" 

Ondract  erisf  ic 

symbol 

Vdc 

Mm 

Max 

Mm 

Typ 

Max 

Min 

Max 

Unit 

Output  Voltage                "0"  Level 

vol 

SO 

- 

0.05 

- 

0 

0.05 

- 

005 

V 

V,n  =  VoDorO 

10 

- 

0.05 

- 

0 

0.05 

- 

0.05 

15 

_ 

005 

- 

0 

005 

- 

0  05 

"1"  Level 

voh 

5  0 

4  95 

4  95 

5.0 

4.95 

_ 

V 

V,n  -  0  or  VQD 

10 

9.95 

9  95 

10 

9  95 

15 

14.95 

14.95 

15 

14.95 

Input  Voltage^                    "0"  Level 

V|L 

V 

(Vq    4.5  of  0  5  V) 

5  0 

15 

2.25 

1.5 

- 

1.5 

|u_     q  n  nr  1  IIVl 

10 

3.0 

- 

4  50 

3.0 

- 

3.0 

i\J  _          tlC             1    a  \.t\ 

IVq     I  J. 3  Or  1  .b  VI 

lg 

- 

4.0 

- 

6.75 

4.0 

- 

4  0 

"  1 "  Level 

V|H 

(Vq    0.5  ot  4.5  VI 

50 

3.5 

35 

2.75 

- 

3.5 

- 

V 

IVq     1  0  Of  9.0  V) 

10 

7  0 

- 

70 

5.50 

- 

7.0 

- 

>vO       1  SOI  U.D  VI 

11.0 

- 

110 

8  25 

- 

11.0 

- 

Outpul  Drive  Current  (AL  Device] 

•oh 

— —  

mA 

IVQn  =  ^.j)  vi  source 

50 

-3.0 

- 

-2.4 

-4.2 

-1.7 

- 

* v  OH  *^ 

5  0 

-0.64 

- 

-0.51 

-0.88 

-0.36 

- 

(Vi-tu  =  0  5  V) 

10 

- 

- 

- 

-10.1 

- 

- 

- 

/wrt, .  =  q  c  wi 
,vOH      3-3  Vi 

10 

-1.6 

- 

-1.3 

-2.25 

- 

-0.9 

- 

(Vnw  -  13.5  VI 

15 

-4.2 

- 

-3.4 

-8.8 

- 

-2.4 

- 

(Vql  -  0.4  V)  Sink 

'OL 

5.0 

0.64 

0.51 

0.88 

- 

0.36 

- 

mA 

(Vol  "  **) 

10 

1.6 

- 

1.3 

2.25 

- 

0.9 

(Vql  =  9.5  V) 

10 

10.1 

(V0L  *  1.5  V) 

15 

4  2 

3.4 

8  8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

 j  

'OH 

mA 

'vOH  =  2.5  V)  Source 

5.0 

-2.5 

- 

-2.1 

-4.2 

- 

-1.7 

<V0H  5  4.6  V) 

5.0 

-0.52 

-0.44 

-0.88 

-0.36 

<V0H  *  0.5  V) 

10 

_ 

-10.1 

_ 

_ 

IVOH  "  9-5  vl 

10 

-1.3 

- 

-1  1 

-2.25 

- 

-0.9 

- 

IVqh  =  I3,b  Vj 

1 5 

-3.6 

- 

-3.0 

-8.8 

-2.4 

- 

(Vql  «  0.4  Vr  Sink 

'OL 

5.0 

0.52 

- 

0.44 

0,88 

- 

0.36 

- 

mA 

[wni  ■  n  c  vi 

10 

1.3 

- 

1 .1 

2.25 

0.9 

(v0l  e  9-5  v) 

10 

10.1 

~ 

(V0L  =  1 5  V, 

15 

3.6 

3  0 

2.4 

Input  Current  IAL  Device) 

'in 

15 

.  o  t 

■0  00001 

•0  1 

.   1  Q 

uA 

Input  Current  (CL/CP  Device! 

15 

•-  0  3 

;0  00001 

103 

:  1 .0 

i/A 

Input  C.tPiictlance 

p 

50 

7.5 

pF 

Outescent  Current  IAL  Device! 

<DD 

5  0 

5  0 

0.005 

50 

150 

u  A 

irtrr  racitagef  Vjfj  u  or  v[jq. 

10 

0.010 

10 

300 

•out  3  0  "A 

15 

20 

0.015 

20 

600 

Quiescent  Current  ICL'CP  Device! 

!dD 

50 

20 

0.005 

20 

150 

hA 

(Per  Package)  Vin=0  or  VpO- 

10 

40 

0.010 

40 

300 

•out  "<>*•  A 

15 

80 

0.015 

HO 

600 

Total  Supply  Current ' '  f 

it 

so 

lT      116  »iA/kH/l  1  •  IpD 

nA 

(Dynamic  plus  Quiescent, 

10 

IT      (3.1  nA/kH/ 

M  •  ID0 

Per  Package) 

15 

>T      <4.7  nA/kH/l  1  •  100 

(C|_  *  50  pF  on  all  outputs,  all 

buffers  switching) 

'Tlo»v    -55°c  ,0'  AL  De"'ce,  -4°°C  'or  CL/CP  Device 
Thigh     '125°C  lor  AL  Device.  >85°C  (or  CL/CP  Device. 
"Noise  immunity  specified  tor  worstcase  input  combination 
Noise  Margin  lor  both  "1"  and  "0"  level  -  1.0  V  min  @  VqD  a  5.0  V 

2.0  V  min  @  VDo  "  10  V 
2.5  V  min  @  Vdd  ■  15  V 
tTo  calculate  total  supply  current  at  loads  other  than  50  pF : 
lT(CLl    lT(50  pFI  •  3.5  k  I0"3  ICL  -50)  VDDt 
where  It  is  in  uA  Iper  package!.  C|_  in  pF.  VDo  in  Vdc,  and  I  in  kH*  is  input  Irequency 
*  'The  formulas  given  are  for  the  typical  characteristics  only  at  25°C. 
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SWITCHING  CHARACTERISTICS*    )CL  -  SO  pF.  TA  -  25°C) 


Characteristic 

Symbol 

VDp 

Min 

Typ 

Mil 

Unit 

Output  Rite  Tims 

*TLH 

ns 

tyLH  "  (3,0  ni/pF)  Cl  +  30  ns 

5.0 

100 

200 

tjLH  "  <1.5  n$/pF)  Cl+  15  n« 

10 

_ 

50 

100 

tjLH  "  0.1  m/pF)  Cl+  10  n* 

15 

_ 

40 

80 

Output  Fall  Tints 

— t— :  

XTHL 

ns 

*THL  "  H*5  ni/pF)  C|_  +  25  ns 

5.0 

100 

200 

tTHL"  (0.75  w/pF)  Cl  +  12.5  n$ 

10 

_ 

SO 

100 

tjHL  "  (°-55  n*/PF*  Cl  +  12.5  ns 

IS 

40 

80 

I  urn  un  vciuy  i  n ■  tn 

— "  

*PLH 

ns 

1PLH  "  ^1-7  ns/pF}  Cl  +  520  ns 

5.0 

605 

1210 

«PLH  "  <0-66  ns/pFI  Cl  +  217  ns 

10 

250 

500 

<PLH  "  l°-5  ns/pF)  C[_  +  160  nt 

IS 

_ 

18S 

370 

Turn-On  Delay  Time 

IPHL 

ns 

tpHL"  11.7  ns/pFI  Cl +420  n« 

S.0 

_ 

505 

1650 

*PHL  "  10-66  ns/pF)  Cl  +  1 72  ns 

10 

_ 

205 

660 

tpHL  "  10.5  ni/pF)  Cl  +  130  nl 

15 

- 

155 

495 

Setup  Time 

<su 

5.0 

0 

-40 

ns 

10 

0 

-IS 

IS 

0 

-10 

Hold  Time 

«h 

s.o 

80 

40 

ns 

10 

30 

15 

15 

20 

10 

Latch  Disable  Pulse  Width  (Strobing  Data) 

•WH 

5.0 

250 

125 

ns 

10 

100 

50 

15 

80 

40 

"The  formulas  given  are  for  the  typical  characteristics  only. 


LOGIC  DIAGRAM 


VOD-  Pin  18 
Vss  -  Pin  9 


C2o-[>- 
D  4  O— j^>5- 
LD  10 — 


t>-H> 


t::f> 
■--£> 


10o-z|  y- 


6-385 


MC14544B 


CONNECTIONS  TO  VARIOUS  DISPLAY  READOUTS 


MC14544B 
Output 
Ph 


LIQUID  CRYSTAL  ILC)  READOUT 
Ona  of  Sevan  Sagmsnts 


/ 


jntam 


Common 
Backplane 

/ 


.    Square  Wave 

(Vss  10  vooi 


INCANDESCENT  READOUT 


Appropriate 
Voltage 


MCI  4544  B 

Ouiput 


I 


1 

1 

0  

i-  vss 


LIGHT  EMITTING  DIODE  (LED)  READOUT 


Common 
Cathode  LED 


Common 
Anode  LEO 


MC14544B 
Output 
Ph 


r 

~  vss 


MC14544B 
Output 
Ph 


>vOD 

r— 

GAS  DISCHARGE  READOUT 


Appropriate 
Voltaoo 


>  VOD 


Note    Bipolar  transistors  may  bo  added  for  gain  (for  Vqq  <te10V  or  lou(  >  to  mA). 


±  vss 


TRUTH  TABLE 


0  Q 
0  0 


0  0 
0  0 
0  0 


0   0   0  0   0  0  0 


0  0   0  0  0  0  0 

1  1    I    I    1    1  0 


0    1    10  0O0 


t    t    1    1    0  0 


10  110 


1  1  I  1  0  t 

0  0  0  0  0  0  0 

0  0  0  0  0  0  0 

0  0  0  0  0  0  0 

0  0  0  0  0  0  0 

0  0  0  0  0  0  0 

0  0  0  0  0  0  0 


Blank 
er«nk 
Bunk 
Btml. 
Blank 


X       Don't  Care 

t       Above  Combinations 

*  For  liquid  crystal  readouts,  apply  a  square  wave  10  Ph.  For 
common  cathode  LED  readouts,  select  Ph  =>  0.  For  common 
anode  LED  readouts,  select  Ph  *  1. 

Depends  upon  the  BCD  Code  previously  applied  when  LD  -  1. 

-        RBO-RBl  •  I A  BCD) 
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FIGURE  1  -  TVPICAL  OUTPUT  SOURCE 
CHARACTERISTICS 


-IS  -12  -SO  -4  0  0 

IVOH  -VodI. SOURCE  DEVICE  VOLTAGE  IVdcl 


FIGURE  2  -  TYPICAL  OUTPUT  SINK 
CHARACTERISTICS 


(vol  -  v$si.  sink  oevice  voltage  mo 


FIGURE  3  -  DYNAMIC  POWER  OISIPATION 
SIGNAL  WAVEFORMS 


Inputs  81  and  Ph  low,  and  Inputs  O  and  LO  high, 
f  in  respect  to  a  system  clock. 

All  outputs  connected  to  respective  C(_  loads. 


Any  Output 


FIGURE  4  -  DYNAMIC  SIGNAL  WAVEFORMS 


(a)  Inputs  D,  Ph.  and  Bl  low.  and  Inputs  A,  B,  3nd  LD  high 


20  ns— I     |-—  20  n» 

 if  10%  P*c 

tPHL— I       (—  tpLH— J 


90%  1\50% 
—J  L-tT 


10%, 


VDD 

vss 

VOH 

vql 


«THL  «TLH 

(b)  Inputs  D.  Ph.  end  Bl  low,  and  Inputs   A  and  B  high. 

VDD 


LD 


p— 20  ns 

90%^ 

50% 

10% 

— 'h 


50% 


LD 


(c)  Data  DCBA  strobed  into  latches 
50%; 


VSS 
V0D 
VSS 
VOH 

vol 


-v0D 
-vss 
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TYPICAL  APPLICATIONS  FOR  RIPPLE  BLANKING 


LEADING  EDGE  ZERO  SUPPRESSION 


Connect  10 


TTTTTTT 


9 

RBI  RBO 
D    C     B  A 


TTTT 

MC14544B 


Input  0  0  0  0 
Code  ,„, 


TTTTtTT 


9 

RBI  RBO 
D    C     B  A 


TTTT 

MC14544B 

0    0    0  0 

(0) 


TTTTTTT 


/  / 
/  / 


9 

RBI  RBO 
D    C     B  A 


TTTT 

MC14544B 
0    10  1 

15) 


TtTTTtT 


RBI  RBO 
O    C    B  A 


TTTT 

MC14544B 
0    0   0  0 
10) 


TTTT  TTTT 

MC14544B  MC14544B 
0    0    0    1  0    0    1  1 


TRAILING  EDGE  ZERO  SUPPRESSION 


mm 


9 

RBO  RBI 
D    C     B  A 


TTTT 

MC14S44B 
0    10  1 

(5) 


/  / 
/  / 


TTTfTTT 


9 

RBO  RBI 
D    C    B  A 


TTTT 

MC14544B 
0    0    0  0 

(01 


TTTTTTT 


9 

RBO  RBI 
D    C     B  A 


a  -  -  • 

..  .  g 

RBO 

RBI 

D  C 

B  A 

t  t 

t  t 

TTTtTTT 


RBO 
D  C 


•  9 
RBI 


TTTTTtT 


RBO 
D  C 


■  9 
RBI 


TTTT  TTTT 


Connect  to 
VDD  (1) 


MC14544B 
0    0    0  1 

(II 


MC14544B 
0    0  11 


MC14S44B 
0    0    0  0 


MC14S44B 
0    0    0  0 
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HIGH  CURRENT 
BCD-TO-SEVEN  SEGMENT  DECODER/DRIVER 

The  MC14547  BCD-to-seven  segment  decoder/driver  is  constructed 
with  complementary  MOS  (CMOSI  enhancemeni  mode  devices  and 
NPN  bipolar  output  drivers  in  a  single  monolithic  siructure.  The  circuit 
provides  the  functions  of  an  8421  BCD-io-seven  segment  decoder  with 
high  output  drive  capability  Blanking  (31).  can  be  used  to  turn  off  or 
pulse  modulate  ihe  brighiness  of  the  display.  The  MC14547  can  drive 
seven-segment  light-emitting  diodes  (LED),  incandescent,  fluorescent 
or  gas  discharge  readouts  either  directly  or  indirectly. 

Applications  include  instrument  (e.g..  counter,  DVM,  etc.)  display 
driver,  computer/calculator  display  driver,  cockpit  display  driver,  and 
various  clock,  watch,  and  timer  uses 


•  High  Current  Sourcmg  Outputs  (Up  to  65  mA) 

•  Low  Logic  Circuit  Power  Dissipation 

•  Supply  Voltage  Range  =  +  3.0  V  to  +  18  V 

•  Blanking  Input 

•  Readout  Blanking  on  All  Illegal  Combinations 

•  Lamp  Intensity  Modulation  Capability 

•  Multiplexing  Capability 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads, 

One  Low-Power  Schottky  TTL  Load  or 

Two  HTL  Loads  over  the  Rated  Temperature  Range 

•  Use  MC14511B  for  Applications  Requiring  Data  Latches 


MAXIMUM  RATINGS  *  (Voltage  relerenced  to  Vss.  P.n  8) 


Rating 

Symbol 

Value 

Uni! 

DC  Supply  Voltage 

VOD 

-0.5  to  *18 

V 

Input  Voltage,  All  Inputs 

V,n 

-:5tr  "uo  '0  5 

V 

Operating  Temperature  Range  MC14547BAL 
MC14547BCL/CP 

TA 

-55  lot  125 
-40  io  +85 

°C 

Storage  Temperature  Range 

TStf) 

-65  io  ♦ 150 

°C 

Maximum  Continuous  Output  Drive  Current 
(Source)  per  Output 

'OHmax 

65 

mA 

Maximum  Continuous  Power  Dissipation 

pOHmax 

1200' 

mW 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
'See  power  derating  curve  (Figure  1 ). 


This  device  contains  circuitry  to  protect  the  inputs  against  damage  due  to  high  sialic 
voltages  or  electric  fields:  however,  it  is  advised  that  normal  precautions  be  taken  to 
avoid  application  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high  im- 
pedance circuit.  A  destructive  high  current  mode  may  occur  if  Vjn  and  V0u[  is  not 
constrained  to  the  range  Vgs  ^*vin  or  voul)  <  Vqq 

Due  to  the  sourcing  capability  of  this  circuit,  damage  can  occur  to  the  device  if  Vprj)  is 
applied,  and  the  outputs  are  shorted  to  Vss  ancl  are  at  3  lo9'cal  '  'See  Maximum 
Ratings). 

Unused  inputs  musl  always  be  tied  to  an  appropriate  logic  voltage  level   (e.g.,  cither 

Vss  or  vddJ- 


MC14547B 


CMOS  MSI 

ILOWPOWER  COMPLEMENTARY  MOSI 

HIGH  CURRENT 
BCD-TO-SEVEN  SEGMENT 
DECODER/DRIVER 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -55°C  10  +  125°C 

MCI4XXXBAL  I  Ceramic  Package  Only) 

C  Series:  -40°C  10  +  85°C 
MC14XXXBCP  (Plastic  Package! 
MC14XXXBCL  ICeramic  Packagel 


o 
u 


n 
u 

i 
i 

i 

L 

3 

U 
1 

d  b 

1 
1 

o 
u 

o 

1 

TRUTH  TABLE 


INPUTS 

OUTPUTS 

Bl 

D   C    B  A 

,i    b    c    ti    c    f  g 

DISPLAY 

□ 

X    X    X  X 

0    0    0    0    0    0  0 

Blank 

0    0    0  0 
0    0    0  1 
0    0  10 
0    0     1  1 

1111110 

oi    i    o   a   o  o 

1     1     O     1     1     0  1 
1     1     1     10    0  1 

0 

1 

2 

□ 

0     10  0 
0     10  1 
0  110 
0  111 

0     1      10    0  11 
10     1     10     1  1 

0  0  11111 

1  1     1     0    0     0  0 

4 

6 
7 

10    0  0 
1      0     D  1 
10  10 
10  11 

1111111 

1110    0  11 
0    0    0    0    0    0  0 
0    0    0    0    0    0  0 

a 

9 

Bl.mk 
Blank 

110  0 
110  1 
1110 

1111 

a   o   o  a   o  o  o 

0    0    0    0    0    0  0 
0    0    0    0    0    0  0 

o   o  o   o  o  o  a 

Blank 
Blank 
Blank 
(Hank 
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ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  10  Vss» 


Characteristic 

Symbol 

VDD 

Tlow* 

26°C 

Thi 
■n» 

gn 

Unit 

Vdc 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Output  Voltage 

"0"  Level 

Vol 

50 

_ 

005 

_ 

0 

005 

' 

0.05 

V 

vtn  =  VQDOf  0 

10 

- 

0.05 

- 

0 

005 

005 

15 

- 

005 

- 

0 

005 

0.05 

"1"  Level 

VOH 

5.0 

4  1 

_ 

4.4 

4.6 

_ 

3 

V 

10 

9.1 

9.4 

9.6 

. 

9.3 

15 

14  1 

14.4 

146 

14.4 

Input  Voltage  / 

"0"  Level 

ViL 

V 

(Vq  =  3.8  or  0.5  V) 

50 

1  5 

2.25 

'  5 

- 

:  5 

IVq  =  8.8  or  1.0  VI 

10 

_ 

3.0 

4.50 

3.0 

- 

3.0 

IVq  =  13.8  or  1  5  V) 

15 

4.0 

6.75 

4.0 

~ 

4.0 

IVQ  =  u.d  or  J.O  VI 

1  Level 

V|H 

50 

3.5 

j  :} 

2  75 

3.5 

- 

V 

IVq  =  1.0  or  8  8  V) 

10 

7.0 

7.0 

5.50 

7.0 

- 

(Vq  =  1.5  or  13.8  V) 

15 

11.0 

_ 

11.0 

8.25 

_ 

110 

- 

Output  Drive  Voltsge  IAL  Device) 

VOH 

5.0 

V 

Source 

4.0 

4.2 

4.3 

4.3 

- 

(Irtu  =  10  mAI 

4.1 

4.3 

- 

- 

MOH  =  20  mA) 

3.8 

39 

4  2 

4.0 

(lOH  =  40  mAI 

_ 

3  7 

4.0 

_ 

- 

"OH  =  65  mAI 

3.1 

- 

3.2 

3.7 

- 

3.0 

(lOH  =  5.0  mAI 

10 

9.1 

9.2 

9.3 

9.3 

(IqH  =  10  mAI 

_ 

9.1 

9.3 

_ 

- 

"OH  -  20  mAI 

8.8 

_ 

9.0 

9.2 

_ 

9.2 

- 

IIqH  =  40  mAI 

_ 

89 

9.0 

_ 

tlOH  =  65  mAI 

8.4 

_ 

85 

8.8 

_ 

8  1 

— 

15 

14.0 

14.2 

14.3 

14.4 

- 

"OH      "J  mAI 

14.1 

14.3 

- 

- 

"OH  =  *u  m«j 

13.8 

14.0 

14.2 

14  2 

- 

"OH  =  40  mA) 

13.8 

14.0 

- 

- 

(Iqh  =  65  mA) 

13.5 

13.5 

13.7 

13.3 

- 

Output  Drive  Voltsge  (CL/CP  Devtcel 

VOH 

50 

V 

||AI  ,   _   C  n  mA  1 

"OH  mAi 

Source 

3.9 

4.1 

4.3 

4.2 

- 

"OH  mAJ 

4  0 

4  3 

- 

- 

^OH  =  20  mA) 

3  6 

3  8 

4  2 

3.9 

- 

"OH  =  40  mA) 

3.5 

4.0 

- 

- 

"OH  =  65  mA) 

3.0 

_ 

3.0 

3.7 

2.9 

- 

"OH  mAi 

10 

8.9 

9  1 

9.3 

9.2 

- 

"OH  "  '0  mA) 

9.0 

9.3 

- 

- 

"OH  =  20  mAI 

8.6 

8.8 

9.2 

9.0 

- 

(Iqh  =  40  mA) 

_ 

8.5 

9.0 

_ 

- 

- 

"OH  =  65  mA) 

8.0 

8  1 

8.8 

8.0 

- 

"OH  a  5.0  mA) 

15 

13  9 

14  1 

14  3 

14.2 

— 

(Iqh  =  10  mA) 

14.0 

14.3 

- 

- 

"OH  =  20  mA) 

13.6 

13.8 

14.2 

14.0 

- 

"OH  =  40  mA) 

13.5 

14.0 

"OH  «  65  mA) 

13.0 

13.0 

13.7 

13.0 

Output  Drive  Current  <AL  Device) 

lOL 

mA 

ivql  =  o.4  v) 

Sink 

5.0 

0  32 

0.26 

0.44 

0.18 

(Vql  =  0.5  v) 

10 

0.80 

0.65 

1.13 

0.45 

(vol  =  v» 

15 

2.10 

1.7 

4.4 

1.2 

Output  Drive  Current  (CL/CP  Device) 

lOL 

mA 

IVql  =  0.4  V) 

Sink 

5.0 

0.26 

0.22 

0.44 

0.18 

(vol  =  0.6  v» 

10 

0.65 

0.55 

1.13 

0.45 

(Vql  =  15  V) 

15 

18 

1.5 

4.4 

1.2 

•T(ow  =  -55"C  for  AL  Device.  -40°C  for  CL/CP  Device 

Thigh  °  +  125'C  for  AL  Device.  +85°C  for  CL/CP  Device 
INoise  immunity  specified  for  worst-case  input  combination. 
Noise  Margin  for  both  "1"  and  "0"  level  = 
1.0  V  min®  Vqq  =  5.0  V 
2.0  V  min  @  VDD  =  10  V 
2.5  V  min  @  VDD=  15  V 
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ELECTRICAL  CHARACTERISTICS  (Continued! 


Characteristic 

Symbol 

vdd 

Vdc 

Ttow" 

25"C 

Thii 

f 

Unit 

Mm 

Max 

Min 

Typ 

Max 

Min 

Max 

Input  Current  (AL  Device) 

'in 

15 

±0.1 

±00X01 

±0  1 

±  10 

fA 

Input  Current  ICL/CP  Devicel 

lin 

15 

±03 

±000001 

±0  3 

±  i  o 

(■A 

Input  Capacitance 

Cm 

50  • 

7  5 

pF 

Quiescent  Current  (AL  Device)  (Per  Package) 
Vjn  =  0or  VDD,  lout  =  0/.A 

'dd 

50 
10 
15 

50 
10 
20 

0005 
0010 
0015 

50 
10 
20 

150 
300 
600 

(■A 

Quiescent  Current  ICL/CP  Device)  IPer  Package) 
Vm  =  0orVDO.  l0ut  =  °eA 

>dd 

50 
10 
15 

20 
40 
80 

0  005 
0010 
0015 

20 
40 
80 

150 
300 
600 

»A 

Total  Supply  Current*  *t 
(Dynamic  plus  Quiescent. 
Per  Packagel 

ICL  =  50  pF  on  all  outputs,  all 
bullers  switching) 

it 

50 
10 
15 

IT  =  11  9ftA/kHil  1  +  l0D 
IT  =  13.8  iiA/kHzl  (  +  Iqd 
IT  =  !5  7,iA/kHzl  I  +  lDD 

fA 

'  Tlow  =  -55°C  for  AL  Device,  -40°C  for  CLrTP  Device 

Thigh  =  +  '25°C  for  AL  Device,  +85°C  for  CLrTP  Device 
t  To  calculate  total  supply  current  at  loads  other  than  50  pF. 

it  iq.)  =  it  150  pfi  +  3,5  x  io-3icL  -501  vod' 

where:  It  is  in  (iA  (per  package).  Cl  in  pF.  Vqq  in  V. 
and  f  in  kHz  is  input  frequency. 
**  The  formulas  given  are  for  the  typical 
characteristics  only  at  25°C 


SWITCHING  CHARACTERISTICS  ICL  =  50  pF.  TA  =  25°C) 


Characteristic 

Symbol 

vdd 

Vdc 

Min 

Typ 

Max 

Unit 

Output  Rise  Time 

<TLH 

50 

40 

80 

ns 

10 

40 

80 

15 

40 

80 

Output  Fall  Time 

'THL 

5.0 

125 

250 

ns 

10 

75 

150 

15 

70 

140 

Data  Propagation  Delay  Time 

IPLH 

50 

750 

1500  . 

ns 

10 

300 

600 

15 

200 

400 

'PHL 

5.0 

750 

1500 

10 

300 

600 

15 

200 

400 

Blank  Propagation  Delay  Time 

IPLH 

5.0 

750 

1500 

ns 

10 

300 

600 

15 

200 

400 

<PHL 

5.0 

500 

1000 

10 

250 

500 

15 

170 

340 
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?0.  MAXIMUM  POWER  DISSIPATION  IniWI 
PER  PACKAGE 


MC14547B 


CONNECTIONS  TO  VARIOUS  DISPLAY  READOUTS 
LIGHT  EMITTING  OIOOE  (LEOI  READOUT 


INCANDESCENT  READOUT 


LIGHT-EMITTING  DIODE  (LED)  READOUT 
USING  A  ZENER  DIODE  TO  REPLACE  DROPPING  RESISTORS 


1 

-J5 


i— 1 1 — 


GAS  DISCHARGE  READOUT 


Appropriate 
Voltoge 


■=Vss 


VZD  should  be  set  at  Vqd  -  1.3  V  -  Vleo  Wattage  of  zenei 
diode  must  be  calculated  lot  number  ol  segments  and  worst-case 
conditions. 

"  A  filament  pre-warm  resistor  is  recommended  to  reduce  filament 
thermal  shock  and  increase  the  ellective  cold  resistance  ol  the 
filament. 


n 


i_i  i — , 


Common 
Cathode  LED 


^  vzo- 


-  vss 

FLUORESCENT  READOUT 

VDD 


n 


— >r— 


Direct 

(Low  Brightness) 


3r 


=■  vSs 


Filament 
Supply 


~   Vss  or  aPPr°Pr'aW 
voltage  below  V$S 
(Caution:  Absolute  maximum 
working  voltage  =  18.0  V) 
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SUCCESSIVE  APPROXIMATION  REGISTERS 

The  MC14549B  and  MC14559B  successive  approximation  registers 
are  8- bit  registers  providing  all  the  digital  control  and  storage  necessary 
tor  successive  approximation  analog-to-digital  conversion  systems 
These  parts  differ  in  only  one  control  input  The  Master  Reset  IMRI  on 
the  MC14549B  is  required  in  the  cascaded  mode  when  more  than  8  bits 
are  desired  The  Feed  Forward  IFF)  of  the  MC14559B  is  used  lor  register 
shortening  where  End-of-Conversion  (EOC)  is  required  after  less  than 
eight  cycles 

Applications  for  the  MC14549B  and  MC14559B  include  analog  to- 
digital  conversion,  with  serial  and  parallel  outputs 

•  Totally  Synchronous  Operation 

•  All  Outputs  Buffered 

•  Single  Supply  Operation 

•  Serial  Output 

•  Retriggerable 

•  Compatible  with  a  Variety  of  Digital  and  Analog  Systems  such  as  the 
MC1408  8-BH  D/A  Converter 

•  All  Control  Inputs  Positive  Edge  Triggered 

•  Supply  Voltage  Range=  3  0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads.  One  Low-Power 
Schottky  TTL  Load  or  Two  HTL  Loads  Over  the  Rated  Temperature 
Range 

•  Chip  Complexity  488  FETs  or  122  Equivalent  Gates 


MAXIMUM  RATINGS  IVollages  referenced  to  Vss> 


Haling 

Symbol 

Value 

Unit 

DC  Supply  Voltage 

vDd 

-0  5  to  -  18 

V0c 

Vdc 

DC  Input  Current,  per  Pm 

mAdc 

Operating  Temperature  Range-AL  Device 

CL/CP  Device 

-55  to  »  125 
-  40  to  *  85 

°C 

Storage  Temperature  flange 

Tslg 

-65  to  *  150 

°C 

TRUTH  TABLES 


sc 

SC(t-i) 

MR 

MR,, 

1) 

Clock 

Action 

SC 

SC||-n 

EOC 

Clock 

Action 

X 

X 

X 

X 

None 

X 

X 

X 

None 

X 

X 

1 

X 

R  eiet 

i 

a 

0 

S  iari 

Conversion 

i 

0 

0 

0 

Siart 

Convtr  non 

X 

i 

0 

Continue 
Conversion 

1 

X 

Q 

1 

Siari 

Conner  sion 

0 

a 

a 

Continue 
Con  vcrnon 

i 

1 

0 

0 

Continue 
Conversion 

0 

X 

i 

_r 

Retam 

Convernon 

Result 

0 

X 

0 

X 

Continue 
Previous 
Operation 

1 

X 

i 

Start 

Conversion 

X  -  Don't  Cjr» 
t  1  ■  State  at  Previous  Clock  ■ 


MC14549B 
MC14559B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOSI 

SUCCESSIVE  APPROXIMATION 
REGISTERS 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series:  -55°C  to  +  125°C 
MC14XXXBAL  (Ceramic  PackageOnlyl 

C  Series:  -40°C  to  +85°C 
MC14XXXBCP  (Plastic  Packagel 
MC14XXXBCL  (Ceramic  Packagel 


PIN  ASSIGNMENT 


•For  MCI4549B  Pin  10  is  MR  input 
For  MC14559B  Pin  10  is  FF  input 


This  device  contains  circuitry  to  protect 
the  inputsagainst  damage  due  to  high  static 
voltages  or  electric  fields,  however,  it  is 
advised  lhat  normal  precautions  be  taken 
to  avoid  application  of  any  voltage  higher 
than  maximum  rated  voltages  to  this  high 
impedance  circuit  For  proper  operation  it 
is  recommended  that  V,n  and  Vou[  be 
constrained  to  the  range  Vgg  <  IV,n  or 

v0ut><vDD 

Unused  mouts  must  alwavs  be  tied  to  an 
appropriate  logic  voltage  level  le  g  .  either 
Vss°'  VDD' 
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ELECTRICAL  CHARACTERISTICS  (Voltages  referenced  to  VSsl 


VDD 

Ttow* 

2SOC 

Thi( 

h* 

Characteristic 

Symbol 

Vdc 

Li|n 

Min 

Max 

Min 

Typ 

Max 

Win 

T5ET 

Unit 

OutpUtVolt8Q6 

"0"  Level 

Vm 
vql 

5.0 

— 

0.05 

0 

0.05 

005 

V 

V;n  =  Vnn  or  0 

10 

0.05 

— 

0 

0.05 

_ 

0.05 

15 

~ 

0.05 

0 

0.05 

005 

"I"  L  v 
eve 

V0H 

5  0 

4.95 

— 

4.95 

5.0 

4.95 

V;n=0  01  Vnn 

10 

9.95 

— 

9.95 

10 

9.95 

15 

14.95 

14.95 

15 

~ 

14.95 

_ 

input  VQIlaQcr 

"0"  Level 

Vn 

VIL 

v 

IVQaH,5  oi  u.a  V/ 

5.0 

- 

1.5 

2.25 

1.5 

1.5 

10 

— 

3.0 

4.50 

3.0 

3.0 

(Vn=-  13  5  or  1.5  V) 

15 

4.0 

6.75 

4.0 

4.0 

"1"  Level 

VIH 

v 

(Vn^O.S  or  4.5  V) 

5.0 

3.5 

- 

35 

2.75 

3.5 

(Vqb  i.O  or  9.0  V) 

10 

7.0 

7.0 

5.50 

7.0 

lVo=l  5  or  13.5  VI 

15 

1 1 .0 

1 1 .0 

8.25 

11.0 

ftiifmif  nriuo  PiiFTont  t Al  nauipal 

— I  

.  'OH 

mA 

-IVoh  =  2.5VI 

Source 

50 

—  1.2 

-  1.0 

—  1.7 

-0.7 

_ 

(Voh  =  4.6  VI 

5.0 

-0.25 

— 

-0.2 

-0.36 

-0  14 

_ 

IVqh  =  9  5  VI 

10 

-0.62 

-0.5 

-0.9 

- 

-0.35 

_ 

IVqh='3  5  V) 

15 

- 1.8 

- 1.5 

-3.5 

-1.1 

_ 

l  VQL     v.**  V  f 

Sink 

In, 

•OL 

50 

1.28 

— 

1.02 

1.76 

0.72 

~mA~ 

(Vol^O.SV) 

0  Outputs 

10 

3.2 

2.6 

4.5 

1.8 

(Vol*1  is  v> 

15 

8.4 

6.8 

17.6 

4  8 

_ 

(Vni  -0  4V) 

Sink 

5.0 

0.64 

0.51 

0.88 

0.36 

(Vol  13  o.5v) 

Pin  5, 1 1  only 

10 

1.6 

1.3 

2.25 

0.9 

(Vol  i-5  v» 

15 

4.2 

3.4 

8.8 

2.4 

_ 

Onfruit  Driuo  (Piirmnl  (PI  JfQ  nouirn) 
UUIfKil  UllW  ^UflUIII  IvLr  ^.i  I^GVIvvf 

— iT  

'OH 

IVoh  =  2.5V) 

■  Source 

5.0 

—  1  0 

—  0  8 

—  1  7 

-0.6 

_ 

IVoh  =  <-6  V) 

5.0 

-0.2 

-0.16 

-0.36 

-0  12 

_ 

<Voh=9  5VI 

10 

-0.5 

_ 

-0.4 

-0.9 

_ 

-0.3 

- 

(V0H=13.5  VI 

15 

-1.4 

_ 

-12 

-3.5 

- 

-1.0 

- 

IVol  =  0.«VI 

Sink 

•0L 

5.0 

1.04 

0.68 

1  76 

_ 

0.72 

- 

mA 

IVol=0.5VI 

0  Outputs 

10 

2.6 

2.2 

4.5 

1.8 

- 

IVol=1.S  VI 

15 

7.2 

_ 

6.0 

17.6 

_ 

4.8 

- 

ivol =o.4  vi 

Sink 

5.0 

0.52 

0.44 

0.88 

0.36 

- 

(VOL-05VI 

Pin  5. 1 1  only 

10 

1.3 

1.1 

2.25 

0.9 

- 

(Vol='  5  VI 

15 

3.6 

3.0 

8.8 

2.4 

- 

Input  Current  IAL  Device) 

■in 

15 

±0.1 

±6.flMoi 

±0.1 

- 

±1.0 

».A 

Input  Current  ICL/CP  Oevicel 

■in 

15 

±0.3 

±0.00001 

±0.3 

_ 

±1.0 

(■A 

Input  Capacitance 

Qn 

_ 

5.0 

7.5 

_ 

_ 

pF 

Ouiescent  Current  IAL  Device) 

'dd 

5.0 

5.0 

0.005 

5.6 

(•A 

(Per  Package) 

10 

10 

0.010 

10 

_ 

300 

(Clock  =  0  V. 

15 

20 

0.015 

20 

600 

Other  Inputs  =  Vdd  or  0  V.  lout^OpAl 

Ouiescent  Current  ICL/CP  Device) 

IQD 

5.0 

20 

0.006 

20 

ISO 

(•A 

(Per  Package) 

10 

40 

0.010 

40 

300 

(Clock  =  0  V. 

15 

80 

0.015 

80 

600 

Other  Inputs  =  Vqq  or  0  V.  I0U,  =  0  |>AI 

Total  Supply  Current*  *  t 

IT 

5.0 

lT=(0. 

SpA/kHzl  l+l0D 

*A 

(Dynamic  plus  Quiescent, 

10 

lT=H.6,iA/kHzl  1+l00 

Per  Package! 

15 

lT  =  <2.4,.A/kHzl  1+lQD 

lCi_  =  50  pF  on  all  outputs,  all 
butlers  switching)  

*  Tlowa  -55°C  tor  AL  Device.  -40°C  (or  CL/CP  Device 
Thigh  =  +  '25"C  (or  AL  Device.  +85°C  lor  CL/CP  Device 

i  Noise  immunity  spectlied  for  worst-case  input  combination 
Noise  Margin  for  both  "1"  and  "0"  level'  1.0  V  min  <S>  Vrjo  =  5.0  V 

2.0  V  min  @  Vdd  =  10V 
2.5  V  min  @  VDD=15V 
T  To  calculate  total  supply  current  at  loads  other  than  50  pF 
lT(CLl  =  lT(50  pFI  +  2x  10-3(Cl-50I  Vqd1 
where \j  is  in  (tA  (per  package).  Cl  in  pF,  Vqq  in  V.  and  I  in  kHz  is  input  free 

*  *  The  formulas  given  are  for  the  typical  characteristics  only  at  25°C 
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SWITCHING  CHARACTERISTICS*   ICL  •  SO  PF,  TA  ■  26°CI 


CnaraLLMdlki 

Symbol 

Voo 

Mkl 

Typ 

Me* 

Unit 

Output  RiM  Tim* 

Tlh 

ns 

«TLH  "  "■<•  ns/pF)  CL  ♦  30  ra 

6.0 

_ 

180 

380 

tjLH  -  tl-S  ns/pF)  C(.  ♦  16  ns 

10 

_ 

90 

180 

tTLH- (1.1  rvj/pFICL  + 10  ns 

15 

_ 

66 

130 

Output  Fill  Time 

THL 

ns 

tjHL  "  (1.S  m/pFI  C|_  +  26  m 

6.0 

_ 

100 

200 

tXHL  "  l°-78  ni/pFI  CL  +  1 2.5  ns 

10 

_ 

50 

100 

«THL  "  M>'66  m/pFI  Cl  +  93  nt 

15 

_ 

40 

80 

Propagation  Delay  Tim* 

'PLH, 

ns 

Clock  to  O 

'PHL 

•PLH,  >PHL  "       K/PFI  Cl  +  416  Its 

6.0 

500 

1000 

'PLH.  >PHL  *  ,0-6e  "t/PFI  Cl  ♦  177  nt 

10 

- 

210 

420 

'PLH.  'PHL  "  (0.6  ni/pF)  Cl  +  130  rti 

15 

- 

156 

310 

Clock  tn  Sgut 

'PLH,  >PHL  *       n«/pFI  Cl  *  665  ns. 

6.0 

_ 

750 

1500 

«PLH.  «PHL  "  M*-66  ns/pF)  C|.  ♦  277  nt 

10 

310 

620 

'PLH.  <PHL  "  (0-6  ns/pFI  Cl  ♦  195  in 

15 

- 

220 

440 

Clock  to  EOC 

<PLH.  'PHL  "  I'-7  M/PFI  Cl  ♦  216 Bt 

5.0 

- 

300 

600 

'PLH,  «PHL  "  IOjSS nt/pF)  Cl  ♦  97  R» 

10 

_ 

130 

260 

'PLH.  'PHL  *  (0.5  ftt/pFI  Cl  +  76  ns 

IS 

- 

100 

700 

SC.  D,  FF  or  MR  Setup  Time 

<tu 

5.0 

250 

125 

_ 

ns 

10 

100 

SO 

- 

16 

BO 

40 

- 

Clock  Puis*  Width 

<WH(cl) 

5.0 

700 

350 

_ 

RS 

10 

270 

135 

- 

16 

200 

100 

- 

Puln  Width  -  O.  SC.  FF  or  MR 

tWH 

6.0 

600 

250 

ns 

10 

200 

100 

15 

160 

80 

Clock  Rtxa  wid  Fall  Time 

TLH, 

6.0 

16 

ta 

THL 

10 

1.0 

16 

0.5 

Clock  Pulse  Frequency 

<cl 

5.0 

1.5 

OA 

MHz 

10 

3.0 

1.6 

15 

4.0 

2.0 

*  The  formulae  given  are  for  the  typical  characteristics  only. 
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SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


Pft>grimm*bl« 
Pulw 
Generator 


Q? 
OB 
OS 
CM 
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Q2 
Ol 
00 

EOC 
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1  tCl 


<TLH 


Not*:  Pin  10  -  Vss 


TIMING  DIAGRAM 


ciod  ji_iL_n_ 

sc      I  I 

1 

_r 

1 

0  T_? 

L 

1 

07  =%sga  | 



Q»^^ 

OA  55553 

a,  555553 

Q1  32553 

eoc  5*553 

as* 

Inh 

Sout  55553  Inh  07  I  OS  I  InK  |  Q7  I  08  I  as  I  04  I  Q3  |Q2  I  01  l°o 

—  Don't  car*  condition 
Inh  -  Indicant  Serial  Out  it  inhibited  low. 

*  —  Q8  it  ninth-bit  of  aarlal  information  available  from  B-bit  r«gjftar. 
Now.  Pin  10-  Vgs 
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OPERATING  CHARACTERISTICS 


Both  the  MC14549B  and  MC145S9B  can  be  operated 
in  either  the  "free  run"  or  "strobed  operation"  mode  for 
conversion  schemes  with  any  number  of  bits.  Reliable 
cascading  and/or  recirculating  operation  can  be  achieved 
if  the  End  of  Convert  (EOC)  output  is  used  as  the  con- 
trolling function,  since  with  EOC  =  0  (and  with  SC  =  1 
for  MC14549B  but  either  1  or  0  for  MC14S59B)  no  stable 
state  exists  under  continual  clocked  operation.  The 
MC14559B  will  automatically  recirculate  after  EOC  »  1 
during  externally  strobed  operation,  provided  SC  =  1. 

All  data  and  control  inputs  for  these  devices  are  trig- 
gered into  the  circuit  on  the  positive  edge  of  the  clock 
pulse. 

Operation  of  the  various  terminals  is  as  follows: 

C  =  Clock  -  A  positive-going  transition  of  the  Clock  is 

required  for  data  on  any  input  to  be  strobed  into  the 

circuit. 

SC  =  Stirt  Convert  -  A  conversion  sequence  is  initi- 
ated on  the  positive-going  transition  of  the  SC  input  on 
succeeding  clock  cycles. 

D  =  Data  In  -  Data  on  this  input  (usually  from  a  com- 
parator in  A/D  applications)  is  also  entered  into  the  cir- 
cuit on  a  positive-going  transition  of  the  clock.  This  input 
is  Schmitt  triggered  and  synchronized  to  allow  fast  re- 
sponse and  guaranteed  quality  of  serial  and  parallel  data. 

MR  =  Master  Reset  (MC14549B  only)  -  Resets  all  out- 
put to  0  on  positive-going  transitions  of  the  clock.  If  re- 
moved while  SC  =  0,  the  circuit  will  remain  reset  until 
SC  =  1.  This  allows  easy  cascading  of  circuits. 

FF  °  Feed  Forward  (MC14SS9B  only)  -  Provides  reg- 
ister shortening  by  removing  unwanted  bits  from  a  sys- 
tem. 

For  operation  with  less  than  B  bits,  tie  the  output 
following  the  least  significant  bit  of  the  circuit  to  EOC. 


E.g.,  for  a  6-bit  conversion,  tie  Q1  to  FF;  the  part  will 
respond  as  shown  in  the  timing  diagram  less  two  bit  times. 
Not  that  Q1  and  QO  will  still  operate  and  must  be  dis- 
regarded. 

For  8-bit  operation,  FF  is  tied  to  Vgs. 

For  applications  with  more  than  8  but  less  than  16 
bits,  use  the  basic  connections  shown  in  Figure  1.  The  FF 
input  of  the  MC14559B  is  used  to  shorten  the  setup. 
Tying  FF  directly  to  the  least  significant  bit  used  in  the 
MC14S59B  allows  EOC  to  provide  the  cascading  signal, 
and  results  in  smooth  transition  of  serial  information  from 
the  MC14559B  to  the  MC14549B.  The  Serial  Out  (Sout) 
inhibit  structure  of  the  MC14559B  remains  inactive  one 
cycle  after  EOC  goes  high,  while  Sout  of  toe  MC14S49B 
remains  inhibited  until  the  second  clock  cycle  of  its 
operation. 

Qn  =  Data  Outputs  -  After  a  conversion  is  initiated  the 
Q's  on  succeeding  cycles  go  high  and  are  then  condition- 
ally reset  dependent  upon  the  state  of  the  D  input.  Once 
conditionally  reset  they  remain  in  the  proper  state  until 
the  circuit  is  either  reset  or  reinitiated. 

EOC  =  End  of  Convert  -  This  output  goes  high  on  the 
negative-going  transition  of  the  clock  following  FF  =  1 
(for  the  MC14559B)  or  the  conditional  reset  of  QO.  This 
allows  settling  of  the  digital  circuitry  prior  to  the  End  of 
Conversion  indication.  Therefore  either  level  or  edge 
triggering  can  indicate  complete  conversion. 

Sout  =  Serial  Out  —  Transmits  conversion  in  serial 
fashion.  Serial  data  occurs  during  the  clock  period  when 
the  corresponding  parallel  data  bit  is  conditionally  reset. 
Serial  Out  is  inhibited  on  the  initial  period  of  a  cycle, 
when  the  circuit  is  reset,  and  on  the  second  cycle  after 
EOC  goes  high.  This  provides  efficient  operation  when 
cascaded. 


FIGURE  1  -  12-BIT  CONVERSION  SCHEME 
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From  A/O 
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SC  MC148S9B 
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07  as  as  0.4 -do  eoc 
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To  O/A  and  Parallat  Data 


1/4  MCI 4001 
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so\it 
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MR 

07  Qe  0SO4  Q3Q2  O1O0EOC 
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(Continual 
update  every 

13  clock  eyelet) 


tCompletkin  of  conversion 
automatically  re-inltletae 
eye  la  In  I  raa  run  mod*. 


•FF  attowi  EOC  to  activate 
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*  "Ceecoding  using  EOC  guaranteed; 
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Frea  run  mode 


External  ctrooe 
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TYPICAL  APPLICATIONS 


Externally  Controlled  6-Bit  ADC  (Figure  2) 
Several  features  are  shown  in  this  application: 

•  Shortening  of  the  register  to  six  bits  by  feeding  the 
seventh  output  bit  into  the  FF  input. 

•  Continuous  conversion,  if  a  continuous  signal  is 
applied  to  SC. 

•  Externally  controlled  updating  (the  start  pulse  must 
be  shorter  than  the  conversion  cycle  I. 

•  The  EOC  output  indicating  that  the  parallel  data 
are  valid  and  that  the  serial  output  is  complete. 

Continuously  Cycling  8-Bit  ADC  (Figure  3) 

This  ADC  is  running  continuously  because  the  EOC 
signal  is  fed  back  to  the  SC  input,  immediately  initiating 
a  new  cycle  on  the  next  clock  pulse. 


Continuously  Cycling  12-Bit  ADC  (Figure  4) 

Because  each  successive  approxiamtion  register  (SAR) 
has  a  capability  of  handling  only  an  eight-bit  word,  two 
must  be  cascaded  to  make  an  ADC  with  more  than 
eight  bits. 

When  it  is  necessary  to  cascade  two  SAR's,  the  second 
SAR  must  have  a  stable  resettable  state  to  remain  in  while 
awaiting  a  subsequent  start  signal.  However,  the  first  stage 
must  not  have  a  stable  resettable  state  while  recycling, 
because  during  switch-on  or  due  to  outside  influences,  the 
first  stage  has  entered  a  reset  state,  the  entire  ADC  will 
remain  in  a  stable  non-functional  condition. 

This  12-bit  ADC  is  continuously  recycling.  The  serial 
as  well  as  the  parallel  outputs  are  updated  every  thirteenth 
clock  pulse.  The  EOC  pulse  indicates  the  completion  of 


FIGURE  2  -  EXTERNALLY  CONTROLLED  6-BIT  ADC 
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FIGURE  3  -CONTINUOUSLY  CYCLING  8-BIT  ADC 
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FIGURE  4  —  CONTINUOUSLY  CYCLING  12-BIT  ADC 
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the  12-bit  conversion  cycle,  the  end  of  the  serial  output 
word,  and  the  validity  of  the  parallel  data  output. 


Externally  Controlled  12-Bit  ADC  (Figure  S) 

In  this  circuit  the  external  pulse  starts  the  first  SAR 
and  simultaneously  resets  the  cascaded  second  SAR.  When 
Q4  of  the  first  SAR  goes  high,  the  second  SAR  starts 
conversion,  and  the  first  one  stops  conversion.  EOC  indi- 
cates that  the  parallel  data  are  valid  and  that  the  serial 
output  is  complete.  Updating  the  output  data  is  started 
with  every  external  control  pulse. 


Additional  Motorola  Parts  for  Successive 
Approximation  ADC 

Monolithic  digital-to-analog  converters  —  The  MCI  408/ 
1508  converter  has  eight-bit  resolution  and  is  available 
with  6,  7.  and  8-bit  accuracy.  The  amplifier-comparator 
block  -  The  MC1407/1507  contains  a  high  speed  oper- 
ational amplifier  and  a  high  speed  comparator  with  ad- 
justable window. 

With  these  two  linear  parts  it  is  possible  to  construct 
SA-ADCs  with  an  accuracy  of  up  to  eight  bits,  using  as  the 
register  one  MC14549B  or  one  MC14559B.  An  additional 
CMOS  block  will  be  necessary  to  generate  the  clock  fre- 
quency. 

Additional  information  on  successive  approximation 
ADC  is  found  in  Motorola  Application  Note  AN-716. 


FIGURE  5  -  EXTERNALLY  CONTROLLED  12-BIT  ADC 
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QUAD  2-CHANNEL 
ANALOG  MULTIPLEXER/DEMULTIPLEXER 


The  MC14551B  is  a  digitally-controlled  analog  switch.  This  device  im- 
plements a  4PDT  solid  state  switch  with  low  ON  impedance  and  very 
low  OFF  Leakage  current.  Control  of  analog  signals  up  to  the  complete 
supply  voltage  range  can  be  achieved. 


Diode  Protection  on  All  Inputs 

Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

Analog  Voltage  Range  IVrjrj-Vgr:!  =  3  to  1  8  V 

Note:  VgE  must  be  s  V$s 

Linearized  Transler  Characteristics 

Low  Noise  —    12  nW  v  Cycle,  I  »  1  kHz  typical 


For  Lower  Ron.  Use  The  HC4051,  HC4052,  or  HC4053  High-Speed 
CMOS  Devices 


CMOS  MSI 

IL0WP0WER  COMPLEMENTARY  MOS) 

ANALOG  MULTIPLEXER/ 
DEMULTIPLEXER 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Vollago  (Roterencod  to  Vr£r£, 
vSs  »  vEE) 

-0.5  to  +18.0 

V 

Viri'Voul 

Input  or  Output  Voltage  (DC  or  Transient) 
(Referenced  to  Vgs  lor  Control  Input  &  Vr££ 
lor  Switch  I'O) 

-0.5  to  VDD  +0-5 

V 

i,„ 

Input  Current  (DC  or  Transiont).  per  Control  Pin 

HO 

mA 

'sw 

Switch  Through  Current 

s25 

mA 

PD 

Powor  Dissipation,  per  Package* 

500 

mW 

TSIq 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature  (8-Socond  Soldering) 

260 

•c 

•Maiimum  Ratings  are  those  valuos  beyond  which  damage  to  the  device  may  occur. 
♦Temperature  Derating:  Plastic  "P"  Package:  -  12mW/*C  from  65'C  to  85eC 

Ceramic  "L"  Packago:  -  12mW/"C  trom  100"C  tD  125°C 


CASE  620 
L  SUFFIX 
CERAMIC  PACKAGE 


CASE  648 
P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Sorios:  -55'CIO  +  125'C 

MCI 4XXXBAL  (Ceramic  Packago  Only) 

C  Sorios:  -40°Cto  +85'C 
MC14XXXBCP  (Plastic  Package) 
MCI  4XXXBCL  (Coramlc  Packago) 


PIN  ASSIGNMENT 


Switches 
In/Out 


) 

1= 


o— 

Conlro 

w 

0— 

WO 

o— 

W1 

X 

o— 

xo 

o— 

XI 

o— 

YO 

Y 

c— 

Yl 

o— 

zo 

Z 

o— 

Z1 

Commons 
Out/In 


Control 

ON 

0 

WO  XO  YO  ZO 

1 

W1  XI  Yl  Z1 

VDD  -  Pin  16 
VSS  -  P,n  8 
Vf£r;  -  Pin  7 


1 

2  CZ 

3  E= 

4  d 

5  1= 

6  c: 

7  CZ 

8  CZ 


wi 

xo 

XI 

X 
Y 

YO 

VEE 

VSS 


VDD 

wo 
w 
z 

Z1 

zo 

Y1 

Control 


16 
15 
14 
13 
12 
1 1 
10 
9 


Note;  Control  Input  referenced  to  V55,  Analog  Inputs  and  Outputs  relerence  to  V£  E    VEE  must  be  ^  Vg 
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ELECTRICAL  CHARACTERISTICS 


Tlow* 

25*C 

Thlgh* 

Characteristic 

Symbol 

Vdd 

Teat  Condltlona 

Mln  |  Max 

Mln 

Typ# 

Man 

Mln 

Max 

Unit 

SUPPLY  REQUIREMENTS  (Voltagea  Referenced  to  VEE) 

Power  Supply  Voltage 

Vqq 

_ 

VDD-3»  vss»  vEE 

3 

18 

3 

18 

3 

18 

V 

Range 

Quiescent  Current  Per 

'dd 

5 

Control  Inputs:  V|n   Vgg  or  Vqq, 

5 

0.005 

5 

150 

HA 

Package  (AL  Device) 

10 

Switch  I/O:  VEE  «  V,/0  «  Vqq, 

10 

0.010 

10 

300 

15 

and  AVgwitgh  4  500  mV** 

20 

0.015 

20 

600 

Quiescent  Current  Per 

lOD 

5 

Control  Inputs:  V|n  =  Vss  or  Vqq, 

20 

0.005 

20 

150 

nA 

Package  (CL/CP  Devlco) 

10 

Switch  I/O:  VEE  «  V|/0  «  Vqq, 

40 

0.010 

40 

300 

15 

and  aVsw|tcn  <  500  mV** 

BO 

0.015 

80 

600 

Total  Supply  Current 

'D(AV) 

5 

T^  «  2S*C  only 

(0.07  nA/kHz)l  + 

Iqq 

nA 

(Dynamic  Plus  Quiescent, 

10 

(The  channel  component, 

Typical 

(0.20  |iA/kHz)f  + 

■do 

Per  Packago) 

15 

(V|n-vout)"W  iB 

(0.36  uA/kHz)f  + 

IqD 

included.) 

CONTROL  INPUT  (Voltages  Relerenced  to  Vss) 


LoW'Level  Input  Voltage 

V|L 

5 
10 

15 

Ron  "  P°'  8Pec- 
•off  "  P°r  8Pec 

1.5 
3.0 
4.0 

2.25 
4.50 
6.75 

1.5 
3.0 
4.0 

1.5 
3.0 
4.0 

V 

High-Level  Input  Voltage 

vIH 

5 
10 
15 

"on  "  P*r  "Pec. 
•off  "  P°r  8P8C 

3.5 
7.0 
11.0 

3.5 
7.0 
11.0 

2.75 
5.50 
8.25 

3.5 
7.0 
11.0 

V 

Input  Leakage  Current 
(AL  Device) 

■in 

15 

V|„  -  0  or  Vqq 

2:0.1 

±  0.00001 

±0.1 

±1.0 

aA 

Input  Leakage  Current 
(CL/CP  Device) 

•in 

15 

V|„  -  0  or  V00 

±0.3 

±0.00001 

±0.3 

±1.0 

>lA 

Input  Capacitance 

Cm 

5.0 

7.5 

pF 

SWITCHES  IN/OUT  AND  COMMONS  OUT/IN  -  W,  X,  Y,  Z  (Voltages  Referenced  to  VEE) 

Recommended  PeaMo- 
Peak  Voltage  Into  or 
Out  of  the  Switch 

Vf/O 

Channel  On  or  Off 

0 

Vqq 

0 

Vqq 

0 

Vqq 

Vp.p 

Recommended  Static  or 
Dynamic  Voltage  Across 
the  Switch**  (Figure  3) 

AVawitch 

Channel  On 

0 

800 

0 

600 

0 

300 

mV 

Output  Oflset  Voltage 

VOO 

Vin  »  0  V,  No  load 

10 

*V 

ON  Resistance 
(AL  Device) 

^n 

5 
10 
15 

aVjwitch  *  500  mV«. 
Vin  -  V|L  or  V,H  (Control), 
and  Vin  -  0  to  Vqq  (Switch) 

800 
400 
220 

250 
120 
B0 

1050 
500 
280 

1300 
550 
320 

n 

ON  Resistance 
(CL/CP  Device) 

°on 

5 
10 
15 

ivswltch  *  500  mV**, 
V|n  -  VIL  "  VIH  (Control), 
and  V;n  -  0  to  Vqq  (Switch) 

880 
450 
250 

250 
120 

so 

1050 
500 
2B0 

1200 
520 
300 

n 

A  ON  Resistance  Between 
Any  Two  Channela 
In  the  Same  Package 

ARon 

5 
10 
IS 

70 
50 
45 

25 
10 
10 

70 
50 
45 

13S 
95 
65 

n 

Off<Channel  Leakage 
Current  (AL  Device) 
(Figure  8) 

•off 

15 

V[n  «  V[i_  or  V|h  (Control) 
Channel  to  Channel  or 
Any  One  Channel 

±100 

±0.05 

±100 

±1000 

nA 

Off'Channel  Leakage 
Current  (CL/CP  Device) 
(Figure  B) 

'off 

15 

V|n  -  V|L  or  V,H  (Control) 
Channel  to  Channel  or 
Any  One  Channel 

±300 

±0.05 

±300 

±1000 

nA 

Capacitance,  Switch  I/O 

C|/0 

Switch  Off 

10 

PF 

Capacitance,  Common  O/l 

Co/I 

17 

Capacitanco,  Feedthrough 
(Channel  Off) 

Cl/O 

Pins  Not  Adjacent 
Pins  Adjacent 

0.15 
0.47 

PF 

*  Ttow  =  -  5S*C  for  AL  Devtce.  -  40*  (or  CL/CP  Device. 
Thlgh  -  +  12S'C  for  AL  Oevico,  +  65*C  for  CL/CP  Device. 

#  Data  labeled  "Typ"  Is  not  to  be  used  for  design  purposes,  but  is  Intended  as  an  Indication  of  the  IC's  potential  performance. 


•*For  voltage  drops  across  the  switch  (AV8W|tcn)  >600  mV  (>300  mV  at  high  temperature),  excessive  Vqq  current  may  be  drawn;  I.e.  the  current 
out  of  the  switch  may  contain  both  Vqq  and  switch  Input  components.  The  reliability  of  the  device  will  be  unaffected  unless  the  Maximum  Ratings 
are  exceeded.  (See  first  page  of  this  data  sheet.) 
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ELECTRICAL  CHARACTERISTICS  (Cu-50  pF,  TA»25"C,  VEE  <  Vss) 


Charactorlstlc 

Symbol 

"dd-Vee 
Vdc 

Mln 

Typ  # 

Max 

Unit 

Propagation  Delay  Times 
Switch  Input  to  Switch  Output  (Ri_  =  1 0  ktl) 
lPLHi  tpHLm(°-17  ns/pF)  Cl  +  26. S  ns 
tpLHi  tpHL-(0.08  ns/pF)  CL+11  ns 
tpLHi  tpHL"(°  °6  ns/pF)  Cl  +  9.0  ns 

'PLH.  tpHL 

s.o 
to 

15 

- 

35 
15 
12 

90 
40 

30 

ns 

Control  Input  to  Output  (R|_s  10  kn) 
VEE  "  VSS  (Figure  4) 

'PLHi  'PHL 

S.O 
10 
15 

- 

350 
140 
100 

B75 
350 
250 

ns 

Second  Harmonic  Distortion 
RL-10  kn.  1=1  kHz,  V|n  =  5  Vp.p 

10 

0.07 

% 

Bandwidth  (Figure  S) 
R|_°  1  ktl.  Vln-  1/2  (VDD-  VE6)  p.p, 

20  Log  V<""  -  -3dB,  CL-S0  pF 
vln 

BW 

10 

17 

MHz 

Off  Channel  Feedthrough  Attenuation.  Figure  5 
RL-  1  kn,  Vln-  1/2  (V0D-VE6)  p.p. 
I|n  =  55  MHz 

10 

-50 

dB 

Channel  Separation  (Figure  6) 
RL-  1  kn,  Vln-  1<2  <VDD- VEg>  p.p. 
I|„  =  3  MHz 

10 

-50 

dB 

Crosstalk,  Control  Input  to  Common  O/l,  Figure  7 
ri  =  1  kn,  rl-io  kn. 

Control  tr  «>  tf  -  20  ns 

10 

75 

mV 

#Data  tabollod  "Typ"  is  not  to  bo  used  tor  design  purposos  but  is 
intended  as  an  Indication  of  the  EC's  potential  performance. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-imped- 
ance circuit.  For  proper  operation,  V|n  and  Vout  should  be  constrained  to  the  range  Vss  *  (vin  or  vout)  *  VDD  ,or 
control  inputs  and  Vgg  <  (V|„  or  Vout)  <  Vpo  for  Switch  I/O. 

Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g..  either  Vss,  VEE'  Of  vOD>-  Unused  outputs 
must  be  tett  open. 
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FIGURE  1  -  SWITCH  CIRCUIT  SCHEMATIC 


VEE 


Pi 


111 


■^w  *  o  Out/In 
-  ion 


vEe 


In/Oul  O — |C>  O  Out/In 

Control 


FIGURE  2  -  MC14551B  FUNCTIONAL  DIAGRAM 


I6  0VOD 
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TEST  CIRCUITS 


FtQURE  3  —  AV  ACROSS  SWITCH 


PIQURE  4  —  PROPAGATION  DELAY  TIMES, 
CONTROL  TO  OUTPUT 


taction 
of  IC 


PultO 

Ganarator 


7—)  ' 

c/  o       o/  o 
«DDVEE»EE  VOD 


FIGURE  5  —  BANDWIDTH  AND  OFF-CHANNEL  FEEDTHROUQH 
ATTENUATION 


FIGURE  6  —  CHANNEL  SEPARATION 
(Adjacent  Channals  Uaad  lor  Sotup) 


Control  input  uaod  to  turn  ON  or  OFF 
the  twitch  undor  tast. 


-r— r— °vout 
2.  J°L"50pF 


Control 

J 

ON 

OFF 

hrrVM 


Vqd-  V6E 


FIGURE  7  —  CROSSTALK,  CONTROL  INPUT 
TO  COMMON  Oil 


FIGURE  8  —  OFF  CHANNEL  LEAKAGE 
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-r— t— ""out 
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i  V0D 

"j  °  veE 


OIIMr  i 
CIMCwMItt) 


V6E 


I 
I 

O  VD0 
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FIGURE  9  -  CHANNEL  RESISTANCE  IR0NI  TEST  CIRCUIT 


VgE  "  VSS 


TYPICAL  RESISTANCE  CHARACTERISTICS 


3S0 

300 

2so 
?oo 


FIGURE  10  -  VDD  9  IS  V.  VEE  0  -7.SV 
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FIGURE  11  -  Voo  *  5  0V-  VEE  •  -S-0  V 


re  — 

— -~  iA  -  w 

 f- — 1 

.10  80 


60     -4  0    -20      0      2.0     4  0 
V,„.  INPUT  VOLTAGE  (VOLTSI 


FIGURE  12  -  V00  e  2*  V.  VEe  9  S3  V 


FIGURE  13  -  COMPARISON  (t  2S°C.  V00  9  -VEE 
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APPLICATIONS  INFORMATION 


Figure  A  illustrates  use  ol  the  on-chip  level  con- 
verter detailed  In  Figure  2.  The  0-to-5  volt  Digital  Con- 
trol signal  is  used  to  directly  control  a  9  Vp.p  analog 
signal. 

The  digital  control  logic  levels  are  determined  by 
Vqd  and  Vss-  The  Vqd  voltage  is  the  logic  high  volt- 
age; the  Vss  voltage  is  logic  low.  For  the  example, 
Vqd  =  +  5  V  =  logic  high  at  the  control  inputs;  Vss 
=  QND  =  0  V  =  logic  low. 

The  maximum  analog  signal  level  is  determined  by 
Vqd  and  Vee-  The  Vqd  voltage  determines  the  maxi- 
mum recommended  peak  above  v°ss-  The  Vee  volt- 
age determines  the  maximum  swing  below  v°ss-  For 
the  example,  Vqd  -  Vss  "  5  volt  maximum  swing 
above  Vss:  Vss  ~  VEE  =  5  volt  maximum  swing 


below  Vss  Tne  example  shows  a  ±4.5  volt  signal 
which  allows  a  1/2  volt  margin  at  each  peak.  It  voltage 
transients  above  Vqd  and/or  below  Vee  aro  antici- 
pated on  the  analog  channels,  external  diodes  (Dx) 
are  recommended  as  shown  in  Figure  B.  These  di- 
odes should  be  small  signal  types  able  to  absorb  the 
maximum  anticipated  current  surges  during  clipping. 

The  absolute  maximum  potential  difference  be- 
tween Vqd  and  Vee  Is  18.0  volts.  Most  parameters 
are  specified  up  to  15  volts  which  is  the  recommended 
maximum  difference  between  Vqd  and  Vee< 

Balanced  supplies  are  not  required.  However,  Vss 
must  be  greater  than  or  equal  to  Vee-  For  example, 
VDD  =  +10  volts,  Vss  =  +  5  volts,  and  Vee  =  -3 
volts  is  acceptable.  See  the  table  below. 


FIGURE  A  —  APPLICATION  EXAMPLE 
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FIGURE  B  —  EXTERNAL  SCHOTTKY  OR  GERMANIUM  CLIPPING.  DIODES 
VDD  Vod 


Switch 

Common 

I/O 

O/l 

vee 


vEe 


POSSIBLE  SUPPLY  CONNECTIONS 


VDD 
In  Volt* 

lnVVo1t» 

vee 

In  Volts 

Control  Input* 
Logic  High/Logic  Low 
In  Volt* 

Maximum  Analog  Stgnal  Range 
In  Volt* 

+  8 

0 

-8 

+  8/0 

+  8  to  -8  =  18  Vp.p 

+  5 

0 

-12 

+  5/0 

+  5  to  -12  -  17  Vp.p 

+  5 

0 

0 

+  5/0 

+  S  to  0  =  S  Vp.p 

+  5 

0 

-5 

+  5/0 

+  5  to  -5  -  10  Vp.p 

+  10 

+  5 

-S 

+  10/+S 

+  10  to  -S  =  15  Vp.p 
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3-DIGIT  BCD  COUNTER 

The  MC14553B  3-digit  BCD  counter  consists  of  3  negative  edge 
triggered  BCD  counters  that  are  cascaded  synchronously.  A  quad 
latch  at  the  output  of  each  counter  permits  storage  of  any  given  count. 
The  information  is  then  time  division  multiplexed,  providing  one  BCD 
number  or  digit  at  a  time.  Digit  select  outputs  provide  display  control. 
All  outputs  are  TTL  compatible. 

An  on-chip  oscillator  provides  the  low-frequency  scanning  clock 
which  drives  the  multiplexer  output  selector. 

This  device  is  used  in  instrumentation  counters,  clock  displays, 
digital  panel  meters,  and  as  a  building  block  for  general  logic 
applications. 

•  TTL  Compatible  Outputs 

•  On-Chip  Oscillator 

•  Cascadable 

•  Clock  Disable  Input 

•  Pulse  Shaping  Permits  Very  Slow  Rise  Times  on  Input  Clock 

•  Output  Latches 

•  Master  Reset 


MAXIMUM  RATINGS*  (Voltages  Referenced  lo  Vss) 


Symbol 

Parameter 

Value 

Unit 

Vdd 

DC  Supply  Voltago 

-O  S  to  +18.0 

V 

V|n.  VOUi 

Input  or  Output  Voltago  (DC  or  Transient) 

-0.5  to  VDD  -i  0.5 

V 

"in 

Input  Current  (DC  or  Transient),  per  Pin 

±  10 

mA 

'out 

Output  Current  (DC  or  Transient),  per  Pin 

+  20 

mA 

PD 

Power  Dissipation,  per  Packagef 

500 

mW 

Tslq 

Storage  Temperature 

-65  to  +  150 

•C 

T|_ 

Lead  Temperaturo  (8-Second  Soldering) 

260 

•C 

"Maximum  Ratings  ara  those  values  beyond  which  damage  lo  the  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Package:  -  12mW/"C  from  65°C  (o  85*C 

Ceramic  "L"  Package:  -  12mW/'C  from  1Q0"C  to  125'C 


TRUTH  TABLE 


INPUTS 

MASTER 

RESET 

CLOCK 

DISABLE 

LE 

OUTPUTS 

0 

0 

0 

No  Changa 

0 

0 

0 

Advance 

0 

X 

1 

X 

No  Chan  a* 

0 

1 

0 

Afjvinci 

0 

1 

0 

No  Chang* 

0 

O 

X 

X 

No  Changs 

0 

X 

X 

Latchad 

0 

X 

X 

1 

Latchad 

1 

X 

X 

0 

QO  -  Q1  -  Q2  - 

Q3  -  O 

CMOS  LSI 

(LOW  POWER  COMPLEMENTARY  MOS) 

3-DIGIT  BCD  COUNTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Series:  -55*Cto  +125*C 
MC14XXXBAL  ICoramle  Package  Only) 

C  Series:  -40'C  to  +85*C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 
*  3 


I  9 
I  7 

a 

14 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  tletds.  However,  precau- 
tions must  be  taken  to  avoid  applications  ot 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  V|n  and  Vout  should  be 
constrained  to  the  range  Vss  ■*  (V|n  or 
Vout)  s  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vdd)-  Unused  outputs  must  be  left  open. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


v0D 

Tlow* 

25'C 

Tn|{ 

;h" 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typo 

Max 

Mln 

Max 

Unit 

vOL 

5.0 

— 

005 

— 

0 

0.05 

0.05 

Vdc 

Vin-Vnn  or  0 

10 

0.05 

0 

0.05 

0.05 

15 

~ 

0.05 

— 

0 

0.05 



0.05 

"1"  Level 

vOH 

5.0 

4.95 

— 

4.95 

5.0 

— 

4.95 

V|n  -  o  or  vrjQ 

10 

9.95 

— 

9.95 

10 

— 

9.95 

15 

14.95 

14.95 

15 

— 

14.95 

fftmit  \/AftttnA                             "JV1  1  auaI 
mpui  VOHUyU                                   U  LOVOI 

v.. 
viL 

Vdc 

V"Q™4.B  Or  U.9  VCC) 

5.0 

— 

1 .5 

— 

2.25 

1.5 

1 .5 

— 

3.0 

— 

4.50 

3.0 

(Vq-13.5  or  1.5  Vdc) 

ts 

4.0 

6.75 

4.0 

4.0 

VIH 

(Vq-0.5  or  4,5  Vdc) 

5.0 

3.5 

_ 

3.5 

2.75 

3.5 

(Vq-1-0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

(V0-1.5  or  13.5  Vdo) 

15 

11 .0 

8.25 

11.0 

— 

Output  Drive  Curront  (AL  Device) 

"OH 

mAdc 

(Vqh  -  4.6  Vdc)  Source  -  Pin  3 

5.0 

—0  25 

-0.20 

-0.36 

0.14 

(Vqh-9  5  Vdc) 

10  . 

—  0.50 

-  0.9 

0.35 

— 

(V0H- 13.5  Vdc) 

15 

- 1.8 

-1.5 

-3.5 

1.1 

— 

(Vq|^«4,8  Vdc)   Sourco  -  Other 

5.0 

-0.64 

—  0.51 

—  0.88 

-0.36 

(VoH-O^SVdC)  0u,Pul» 

10 

-1.6 

-  1.3 

-2.25 

-0.9 



(V0H- 13.5  Vdc) 

15 

-4.2 

-3.4 

-8.8 

-2.4 

_ 

11/  n  A  \irt**\            ClnL       Din  *S 

IVql™U.4  VQC)       alnK  -  rm  «J 

 ;  

'OL 

O.S 

— 

0.4 

0.86 

— 

0  28 

/v/_,  HAc  Vrin\ 

10 

1.1 

0.9 

2.25 

0.65 

(V0L-1.5Vdc) 

15 

1.60 

1.5 

8.8 

1.20 



fx/a..  Bni  v/rlr't  Cfnk  .  OthAr  ftiitnnla 

50 

3.0 

— 

2.5 

4.0 

— 

1 .8 

10 

6.0 

S.O 

6.0 

3.5 

(V0L-1.5  Vdc) 

15 

18 

15 

20 

10 



Output  Drive  Curront  (CL/CP  Dovfco) 

 ;  

'OH 

mAdc 

I V fjWI     " . O  VUC)     wwMw      rill  w 

5.0 

-0.2 

—  0.16 

—  0.36 

-0.12 

(VOH  -9  5  Vdc) 

10 

-0.5 

—  0.4 

—  0.9 

-0.3 



(V0H- 13.5  Vdc) 

15 

-1.0 

— 

s.o 

0.88 

-0.38 

(V0H-9.S  Vdc) 

10 

-1.3 



-1.1 

-2.25 



-0.9 

— 

(V0H- 13.5  Vdc) 

15 

-3.6 

- 

-3.0 

-8.8 

- 

-2.4 

— 

(Vol  -  0  4  vdc)      Sink  -  Pin  3 

'OL 

5.0 

0.23 

— 

0.2 

0.88 

— 

0.16 

— 

(VOL-0.5  Vdc) 

to 

0.60 

— 

0.5 

2.25 

— 

0.40 

(V0L-1.S  Vdc) 

15 

1.80 

— 

1.5 

8.8 

— 

1 .20 

(Vol- 0  4  Vdc)  Sink  -  Other  Outputs 

5.0 

2.4 



2.0 

4.0 

_ 

1.6 

— 

(Vql -o.s  Vdc> 

10 

3.8 

— 

3.0 

8.0 

- 

2.5 

(V0L-1.5  Vdc) 

15 

10 

— 

8.4 

20 

— 

7.0 

Input  Current  (AL  Device) 

■in 

15 



±0.1 



±0.00001 

-  0  1 

— 

±1.0 

uAdC 

Input  Current  (CL/CP  Device) 

'in 

15 

±0.3 

±0.00001 

±0.3 

— 

±  1.0 

LtAdc 

Input  Capacitance 

C|„ 

— 

— 

S.O 

7.5 

_ 

_ 

pP 

Quiescent  Curront  (AL  Device) 

IDD 

5.0 

— 

S.O 

0.010 

5.0 

— 

150 

liAdC 

(Per  Package) 

10 

10 

0.020 

10 

300 

wm—  vpp 

20 

0.030 

20 

600 

Quiescent  Current  (CL/CP  Device) 

IDD 

5.0 

50 

0.010 

50 

375 

MAdc 

(Per  Package) 

10 

too 

0.020 

too 

750 

MR  =  V00 

15 

200 

0.030 

200 

1500 

Total  Supply  Current**t 

it 

5.0 

lT -(0.35  M-A/kHz)  I  +  Iqd 

pAdc 

(Dynamic  Plus  Quiescent, 

10 

lT  =  (0.85  nA/kHz)  f  +  loD 

Per  Package) 

15 

lT  =  (150  iiA/kHl)  I  +  Iqd 

(Ci_-  50  pF  on  ail  outputs. 

atl  buffors  switching) 

*Tlow"  -55*C  for  AL  Device,  -40'C  for  CL/CP  Osvico.  fTo  calculate  total  supply  curront  at  loads  othor  than  50  pF: 

Thfgri"  +  125*C  tor  AL  OovlCO.  +65*C  for  CL/CP  Dovtco. 

lT<CL>  -  lT(S0  pF)  +  <CL  -50)  Vtk 

#Dato  labotlod  "Typ"  Is  not  to  bo  used  for  design  purposes  but  Is 
Intondod  as  an  indication  of  tho  IC'o  potential  porformsnco.  whore:  lT  Is  in  nA  (per  package).  CL  in  pF.  V  -  (V0D  -  Vgg)  In  volts. 

I  In  KHz  is  input  froquoncy.  and  k  -  0.004. 

"Tho  formulas  given  are  for  tho  typical  characteristics  only  at  25'C. 
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SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  TA  =  25'C) 


Characteristic 

Figure 

Symbol 

VDD 

Min 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Time 

2a 

*TLH. 

ns 

tn_H.  THL  "  C-s  ns/pF)  Cl  +  25  ns 

tTHL 

5.0 

— 

100 

200 

*TLH.  tTHL  =  (0.75  ns/pF)  Cl  +  12.5  ns 

10 

— 

so 

100 

^TLH'  rinL     ly.so  nsjpr]  ^l  +  9.3  ns 

15 

40 

80 

Clock  to  BCD  Out 

2a 

'PLH. 

5.0 

— 

900 

1800 

ns 

«PHL 

10 

— 

500 

1000 

15 

200 

400 

Clock  to  Overflow 

2a 

'PHL 

5.0 

— 

600 

1200 

ns 

10 

— 

400 

800 

15 

200 

400 

Reset  to  BCD  Out 

2b 

IPHL 

5.0 

— 

900 

1800 

ns 

10 

500 

1000 

15 

300 

600 

Clock  to  Latch  Enable  Setup  Time 

2b 

<su 

5.0 

600 

300 

— 

ns 

Master  Reset  to  Latch  Enable  Setup  Time 

10 

400 

200 

15 

200 

100 

Removal  Time 

2b 

•rem 

5.0 

-80 

-200 

— 

ns 

Latch  Enable  to  Clock 

10 

-10 

-70 

— 

15 

q 

—50 

Clock  Pulse  Width 

2a 

'WH(cl) 

5.0 

550 

275 

— 

ns 

10 

200 

100 

— 

^5 

150 

75 

Reset  Pulse  Width 

2b 

'WH(R) 

5.0 

1200 

600 

— 

ns 

10 

600 

300 

— 

15 

450 

225 

Reset  Removal  Time 

— 

trem 

5.0 

-80 

-180 

— 

ns 

10 

0 

-50 

— 

 l2E  

Input  Clock  Frequency 

2a 

<d 

 —  

5.0 

 —  

— 

1.5 

0.9 

MHz 

10 

— 

5.0 

2.5 

15 

70 

3  5 

Input  Clock  Rise  Time 

2b 

Tlh 

5.0 

No 

ns 

10 

Limit 

15 

Disable,  MR,  Latch  Enable 

fTLH. 

5.0 

15 

*»s 

Rise  and  Fall  Times 

tTHL 

10 

5.0 

15 

4.0 

Scan  Oscillator  Frequency 

1 

fOSC 

5.0 

1.5/C1 

Hz 

(C1  measured  in  pF) 

10 

4.2/C1 

15 

7.0VC1 

"The  lormutas  given  are  for  the  typical  characteristics  only  al  25*C.  #Data  (abetted  Typ"  is  not  to  be  used  for  design  purposes  but  to 


intended  as  an  indication  ot  the  IC's  potential  performance. 
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FIGURE  1  —  3-D1GIT  COUNTER  TIMING  DIAGRAM  (Roforonco  Flgur*  3) 
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OPERATING  CHARACTERISTICS 


The  MC14553B  three-digit  counter,  shown  in  Figure  3, 
consists  of  three  negative  edge-triggered  BCD  counters 
which  are  cascaded  in  a  synchronous  fashion.  A  quad  latch 
at  the  output  of  each  of  the  three  BCD  counters  permits 
storage  of  any  given  count.  The  three  sets  of  BCD  outputs 
(active  high),  after  going  through  the  latches,  are  time 
division  multiplexed,  providing  one  BCD  number  or  digit 
at  a  time.  Digit  select  outputs  (active  low)  are  provided 
for  display  control.  Atl  outputs  are  TTL  compatible. 

An  on-chip  oscillator  provides  the  low  frequency  scan- 
ning clock  which  drives  the  multiplexer  output  selector. 
The  frequency  of  the  oscillator  can  be  controlled  ex- 
ternally by  a  capacitor  between  pins  3  and  4,  or  it  can  be 
overridden  and  driven  with  an  external  clock  at  pin  4. 
Multiple  devices  can  be  cascaded  using  the  overflow 
output,  which  provides  one  pulse  for  every  1000  counts. 


The  Master  Reset  input,  when  taken  high,  initializes  the 
three  BCD  counters  and  the  multiplexer  scanning  circuit. 
While  Master  Reset  is  high  the  digit  scanner  is  set  to  digit 
one;  but  all  three  digit  select  outputs  are  disabled  to 
prolong  display  life,  and  the  scan  oscillator  is  inhibited. 
The  Disable  input,  when  high,  prevents  the  input  clock 
from  reaching  the  counters,  while  still  retaining  the  last 
count.  A  pulse  shaping  circuit  at  the  clock  input  permits 
the  counters  to  continue  operating  on  input  pulses  with 
very  slow  rise  times.  Information  present  in  the  counters 
when  the  latch  input  goes  high,  will  be  stored  in  the 
latches  and  will  be  retained  while  the  latch  input  is  high,  in- 
dependent of  other  inputs.  Information  can  be  recovered  from 
the  latches  after  the  counters  have  been  reset  if  Latch  Enable 
remains  high  during  the  entire  reset  cycle. 


FIGURE  3  —  EXPANDED  BLOCK  DIAGRAM 
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FIGURE  4  —  8IX-0IQIT  DI8PLAY 
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2-BIT  BY  2-BIT  PARALLEL  BINARY  MULTIPLIER 

The  MC14554B  2  x  2-bit  parallel  binary  multiplier  is  constructed 
with  complementary  MOS  (CMOS)  enhancement  mode  devices.  The 
multiplier  can  perform  the  multiplication  of  two  binary  numbers 
and  simultaneously  add  two  other  binary  numbers  to  the  product. 
The  MC14554B  has  two  multiplicand  inputs  (XO  and  X  1),  two  mul- 
tiplier inputs  (YO  and  Y1),  five  cascading  or  adding  inputs  (KO,  Kl, 
MO,  M1,  and  M2),  and  five  sum  and  carry  outputs  (SO,  SI,  S2,  CI 
[S3] ,  and  CO).  The  basic  multiplier  can  be  expanded  into  a  straight- 
forward m  bit  by  n-bit  parallel  multiplier  without  additional  logic 
elements. 

Application  areas  include  arithmetic  processing  (multiplying/ 
adding,  obtaining  square  roots,  polynomial  evaluation,  obtaining 
reciprocals,  and  dividing),  Fast  Fourier  Transform  processing,  digital 
filtering,  communications  (convolution  and  correlation),  and  pro- 
cess and  machine  controls. 

•  Diode  Protection  on  All  Inputs 

•  All  Outputs  Buffered 

•  Straight  forward  m-Bit  By  n-Bit  Expansion 

•  No  Additional  Logic  Elements  Needed  for  Expansion 

•  Multiplies  and  AddsSimultaneously 

•  Positive  Logic  Design 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MC14554B 


CMOS  MSI 

ILOW  POWER  COMPLEMENTARY  MOS) 

2-BIT  BY  2-BIT  PARALLEL 
BINARY  MULTIPLIER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Sorlos:  -55'Cto  +  125*C 

MC14XXXBAL  (Ceramic  Package  Only] 

C  Sori03:  -40*Cto  +B5'C 

MC14XXXBCP  (Plastic  Packago) 
MC14XXXBCL  (Coremlc  Packago) 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  vss) 


Symbol 

Parameter 

Value 

Unit 

Vdd 

DC  Supply  Voltage 

-0.5  to  +16.0 

V 

Vjry  V0ut 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  Vqq  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  por  Pin 

-10 

mA 

Pd 

Power  Dissipation,  por  Packagot 

500 

mW 

Tstq 

Storage  Temperature 

-65  to  -  150 

•c 

'L 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  thoso  values  beyond  which  damage  to  the  dovice  may  occur 
tTemporalure  Derating:  Plastic  "P"  Package:  -  12mW/°C  from  65*C  to  85°C 

Ceramic  "L"  Package:  -  12mW/"C  trom  100*C  to  125*C 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  lields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  Vjn  and  Voul  should  be 
constrained  to  the  range  V55  *  (Vjn  or 
vout)  *  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vgg 
or  Vdd).  Unused  outputs  must  be  left  open. 


PIN  ASSIGNMENT 

1  1= 

V1 

 r  16 

!  t= 

M0 

YO 

— 1  IS 

3  CTT 

Ml 

X0 

=3  1* 

4 

CO 

XI 

=3  13 

M3 

KO 

=1  12 

6  r= 

CJ1S3I 

SO 

=J  11 

Si 

Kl 

=3  10 

e  1= 

SI 

EQUATIONS 

S  =  (XxY)  +  K  +  M 
Where: 

x  Means  Arithmetic  Times. 
+  Means  Arithmetic  Plus. 
S  =  S3  S2  S1  SO.  X  =  X1X0.  Y  =  Y1Y0. 
K  =  K1  K0,  M  =  M1  M0  (Binary  Numbers). 
Example: 

Given:    X  =  2(1),  Y  =  3(11) 
K  =  1(01),  M  =  2(10) 

Then:    S  =  (2x3)  +  1+  2  =  9 

S  =  (10  x  11)  +  01  +  10  =  1001 

Note:     CO  connected  to  M2  tor  this  size  multiplier. 

See  general  expansion  diagram  for  other  size  multipliers. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


VDD 

W 

25% 

Ti.i 

•hi 

Characteristic 

Symbol 

Vdc 

MIn 

Max 

MIn 

Tun  n 

Max 

MIn 

Max 

Unit 

Output  Voltage 

"0"  Level 

vol 

5.0 

o.os 

Vdc 

Vfn  -  Vod«0 

10 

005 

0 

0  05 

— 

0.05 

15 

0  05 

 0 

0.05 

— 

0.05 

"1"  Level 

Vnu 

5.0 

4.95 

— 

4.95 

50 

— 

4.95 

Vdc 

Vin  =  0  or  Vnn 

10 

9.95 

9  95 

10 

9.95 

_ 

15 

14.95 

14.95 

15 

14.95 

— 

InniFl  UnEf  nnn 

"0"  Level 

Vn 
VIL 

Vdc 

(Vo  =  4.5or0.5Vdc) 

5.0 

— 

1.5 

— 

2.25 

1.5 

1.5 

10 

— 

3.0 

— 

4.50 

3.0 

3.0 

(Vo  =  13.Soc1.5Vdc) 

15 

4.0 

.   .  6'7^ 

 —  

_ 

4.0 

"1"  Level 

Viu 
'in 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3.5 

— 

3.5 

2.75 

— 

3.5 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

5.50 

7.0 



(Vo  =  1.5  or  13.5  Vdc) 

15 

110 

11  0 

8  25 

11.0 

— 

Output  Drive  Current  (AL  Oevlce) 

. 

'OH 

mAdc 

(Voh  -  2-5  Vdc) 

Source 

5.0 

-3.0 

— 

-2.4 

-4.2 

— 

-1.7 

_ 

(Voh  -  46  Vdc) 

5.0 

-0.64 

— 

-0.51 

-0.88 

— 

-0.36 

(Voh  =  9-5  Vdc) 

10 

— 1.3 

—  2-25 

-0.9 



(Voh  =  i3-5  vdc) 

15 

—3  4 

—8  8 

-2.4 

- 

(vol  =  0.4  vac) 

Sink 

lm 
'UL 

5.0 

— — — 
0.64 

— 

0.51 

0.88 

— 

0.36 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.6 

1.3 

2.25 

0.9 



(Vol  =  i  s  vdc) 

15 

4.2 

— 

3.4 

8.8 

— 

2.4 

- 

Output  Drive  Current  (CL/CP  Device) 

'OH 

mAdc 

(Voh  -  2-5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

- 1.7 

(Voh  -  4.6  Vdc) 

5.0 

-0.52 

— 

-0.44 

-0.88 

— 

-0.36 

(Voh  =  9-5  Vdc) 

10 

-1.3 

— 

— 1.1 

—2.25 

-0.9 

(Voh  =  13.5  Vdc) 

15 

-3.6 

—3.0 

—8.6 

-2.4 

— 

(Vol  -  0.4  vdc) 

Sink 

Ism 

5  0 

0.52 

— 

0.44 

0.88 

— 

0.36 

mAdc 

(Vol  =  0.5  voc) 

10 

1.3 

1.1 

2.25 

0.9 

(Vql  -  i  s  voc) 

15 

3.6 

3.0 

8.8 

2.4 

— 

Input  Current  (AL  Oevlce) 

tin 

15 

— 

±0.1 

±0.00001 

±0.1 

±1.0 

Input  Current  (CL/CP  Device) 

■in 

15 



±0.3 

±0.00001 

±0.3 

— 

±1.0 

uAdc 

Input  Capacitance 

Cm 

— 

5.0 

7.5 

— 

— 

(Vin-O) 

Quiescent  Current  (AL  Device) 

'dd 

5.0 

5.0 

0.005 

5.0 



150 

uAdc 

(Per  Package) 

10 

10 

0.010 

10 

— 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

idd 

5.0 

20 

0.005 

20 

150 

pAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current"t 

"T 

5.0 

\j  -  (lApAfkHz)!  +  Idd 

uAdc 

(Dynamic  plus  Quiescent 

10 

It  =  (2.0  tiAMHz)  t  +  Idd 

Per  Package) 

15 

it  =  (3.0  fiMOiz)  t  +  idd 

(Cl  =  50  pF  on  all  outputs, 

all  buffers  switching) 

*Tlow  -  -  BB'C  fl>r  AL  Oovlco.  -  40*C  for  CL/CP  Device. 
TWgh "  + 1 25'C  for  AL  Oovieo.  +  8S*C  for  CUCP  Oovlco. 

#Dota  labottod  "Typ"  Is  not  to  bo  usod  for  doslgn  purposos  but  Is 
Intended  as  an  Indication  of  tho  IC's  potential  performance. 


"The  formulas  given  aro  for  the  typical  char  act  eristics  only  at  25'C. 
fTo  calculate  total  supply  curront  at  toads  other  than  so  pF: 

■t(CL)  -  It(60  pF)  +  (CL  -50)  Vfk 

where:  \j  li  In  jiA  (per  package).  C|_  In  pF,  V  -  (VDD- Vqq)  In  volts, 
f  En  kHz  Es  Input  frequency,  and  k  -  0.0035. 
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MC14554B 


SWITCHING  CHARACTERISTICS*    (CL  -  60  pF.  TA  •  25°C) 


Characteristic 

Symbol 

voo 

Min 

Typ# 

Max 

Unit 

Output  RIbq  and  Fall  Time 

tTLH' 

ns 

tjLH.  >THL  -  (I  S  ns/pF)  Ci.  +  25  ns 

'thl 

5.0 

_ 

100 

200 

tTLH.  tTHL  "  (0-75  na/pF)  C|_  +  12.5  ns 

10 

50 

100 

txLH,  t-|-nL  ™  (0.55  na/pF)  C\_  +  9.5  ns 

15 

_ 

40 

80 

Propagation  Delay  Time 

«PLH, 

ns 

KOtoCO 

<PHL 

•PLH.  <PHL  "  ('  -7  ns/pF)  C(.  +  IBS  ns 

5.0 

270 

875 

tPLH,  IPHL  "  <°/66  ns/pFI  CL  +  82  m 

10 

IIS 

290 

'PLH,  'PHL  ■  (0.5  ns/pF)  C|_  +  60  ns 

15 

85 

215 

MO  to  S2 

'PLH.  «PHL  ■  (1.7  ns/pF)  C(.  +  596  ns 

5.0 

680 

1700 

'PLH.  'PHL  "  10.86  ns/pFt  Cl  +  247  ns 

10 

280 

750 

■PLH.  'PHL  "  (0  5  ns/pFt  C(.  +  186  ns 

15 

210 

570 

"The  formulas  gtvon  oro  for  the  typical  characteristics  only  at  25*C. 


#Data  labottod  "Typ"  Is  not  to  be  usod  for  design  purposes  but  Is 
Intended  as  an  Indication  of  the  IC's  potential  performance. 


FIGURE  1  -  DYNAMIC  POWER  DISSIPATION 
WAVEFORMS 

20  ns        20  ns 


All  Inputs 
(50*  Outv  Cycle! 


Any  Output 
(50%  Duty  Cycle) 


All  outputs  connected  to  respective 
CL  loed*.  1  ■  system  clock  frequency 


LOGIC  DIAGRAM 


Ml  Yi 
9  9 


M  V 

X 

Multiplier 

4 

Call 

COO  

C 

K 

s 

s 

M20- 


M0  VO 

o 


Multlpli) 
Cell 

C 

s 


Multiplier 
Cell 
C  K 


T 


14 

-oxo 


Multiplier  X 
Cell 


13 
-0X1 


FIGURE  2  -  DYNAMIC  SIGNAL  WAVEFORMS 
20  ni  20  nt 


<TLH  «THL 

For  KO  to  CO: 

Inputs  XO.  XI.  VO.  VI,  Kl.and  M2  low.  and  inputs 

MO  and  Ml  high. 
For  MO  to  S2: 

Inputs  XI,  VI,  and  KO  low.  and  Inputs  XO.  VO. 

K1,  Ml.  and  M2high. 


CI  (S3)  S2 


116 

SO 
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MC14554B 


EXPANSION  DIAGRAM 


m-Bll  by  n-BIt  Parallal  Binarv  Multiplier  (Top  Viawl 
V  and  U 


V  (n-1) — 
M(n-2> 
M(n  11 


Sim  ♦  n-11    Sim  *  n-2)  Sim  ♦  n-3)  S(m»2l 


Slm*1»  Sim) 


Slm-11      S3  SI 

Sim  5)    S2  SO 


S-(X«V)tK*M   wtiara:     x  mami  Arithmetic  Tlmat. 

♦  muni  Arithmetic  Plus. 

S  •  Sim  *  n-1 1  Sim  »  n-3)   -  SJ  SI  SO 

X  -  Xlm-D  X  (m-2)  • .  •  X2  XI  XO.  V  -  Yln-11  Yln-21  .  •  •  V2  VI  VO 
K  -  Klm-1)  K(m-2I  -  •  ■  K2  K1  KO  end  M  •  Mln-1)  Mln-21  -  -  •  M2  Ml  MO 
(Binary  Number*). 

Number  of  output  binary  diglta  -  m  ♦  n 

Numbar  of  package!  -  mitn/4  (For  m  or  n  or  both  odd  lalact  naitt  highest  avan  numbar.) 
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MOTOROLA 


DUAL  BINARY  TO  1-0F-4 
DECODER/DEMULTIPLEXER 

The  MC14555B  and  MC14556B  are  constructed  with  comple- 
mentary MOS  (CMOS)  enhancement  mode  devices.  Each  Decoder/ 
Demultiplexer  has  two  select  inputs  (A  and  B),  an  active  low  Enable 
input  (E),  and  four  mutually  exclusive  outputs  (QO,  Q1,  Q2,  Q3). 
The  MC14555B  has  the  selected  output  go  to  the  "high"  state,  and 
the  MC14556B  has  the  selected  output  go  to  the  "low"  state.  Ex- 
panded decoding  such  as  binary-to-hexadecimal  {1-oM6),  etc.,  can 
be  achieved  by  using  other  MC14555B  or  MC14556B  devices. 

Applications  include  code  conversion,  address  decoding,  memory 
selection  control,  and  demultiplexing  (using  the  Enable  input  as  a 
data  input)  in  digital  data  transmission  systems. 

•  Diode  Protection  on  All  Inputs 

•  Active  High  or  Active  Low  Outputs 

•  Expandable 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  All  Outputs  Buffered 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Voltages  Referenced  10  Vss) 


Symbol 

Para  malar 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  to  -  18  0 

V 

Vin.  V0ut 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vqq  -0.5 

V 

'in-  'out 

Input  or  Output  Curronl  (OC  or  Transient),  per  Pin 

=  10 

mA 

<\> 

Power  Dissipation,  per  Package! 

500 

mW 

Ts!q 

Storage  Temperature 

-  65  to  -  150 

*C 

TL 

Load  Temperature  (8-Second  Soldoring) 

260 

°C 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
■(■Temperature  Derating:  Plastic  "P"  Package:  -  12mW/'C  from  65°C  to  85'C 

Ceramic  "L"  Package:  -  12mW/°C  Irom  100X  lo  125*0 


MCI4555B 

BLOCK  DIAGRAM 

a  

A 

Q0 

  A 

A 

Q0 

a 

Q1 



B 

Q1 

 5 

E 

02 
Ol 

"  6 

 7 

1  c 

1 

Q3 

QJ 

 6 

  7 

11  

A 

QO 

  1: 

14  

A 

do 

 11 

13  

IS  C 

e 

E 

□  1 

 II 

B 

Q> 

O: 

Q3 

 10 

13-  

15 — a 

E 

5l 
Q3 

 10 

 9 

"DO 

.  P.„  16 
■  Pin  e 

MC14555B 
MC14556B 


CMOS  SSI 

ROW  POWER  COMPLEMENTARY  MOS) 

DUAL  BINARY  TO  1-OF-4 
DECODER/DEMULTIPLEXER 

Active  High  Outputs  -  MC145558 
Active  Low  Outputs  -  MC145568 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE         PLASTIC  PACKAGE 
CASE  630  CASE  i.4U 

ORDERING  INFORMATION 

A  Serios:  -  55*C  to  '  1 25*C 

MC14XXXBAL  (Commie  Package  Only) 

C  Series:  -40°Cto  +BS'C 

MC14XXXBCP  (Plastic  Packago) 
MC14XXXBCL  (Ceramic  Packago) 


TRUTH  TABLE 


INPUTS 

OUTPUTS 
MC1455SB 

OUTPUTS 
MC14556B 

ENABLE 

SELECT 

E 

B 

A 

0.3 

02 

01 

QO 

03 

Q2 

01 

00 

0 

O 

0 

0 

0 

0 

1 

1 

i 

1 

0 

0 

0 

1 

0 

0 

1 

0 

1 

i 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

i 

1 

1 

1 

X 

X 

0 

0 

0 

0 

1 

i 

1 

1 

This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation.  Vjn  and  Vouj  should  be 
constrained  to  the  range  Vss  ■*  (vin  or 
V0ut)  *  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g..  either  Vss 
or  Vdd).  Unused  outputs  must  be  left  open. 
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MC14555B«MC14556B 


ELECTRICAL  CHARACTERISTICS  (Voitagos  Roloroncod  to  vss) 


vDD 

Tlo 

m 

25°C 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typo 

Max 

Min 

Max 

Unit 

Output  Voltage                "0"  Level 

vol 

5.0 

- 

0.05 

Q 

0.05 

— 

0.05 

Vdc 

vln  =  Vdd  or  0 

10 

— 

0.05 

0  05 

— 

0.05 

15 

— 

0  05 

0 

0.05 

— 

0.05 

"1"  Level 

v0H 

5.0 

435 

— 

4.95 

5.0 

4  95 

__ 

Vdc 

Vln  -  0  or  VDD 

10 

9.95 

— 

9.95 

10 

9.95 

— 

15 

14.95 

- 

14.95 

15 

14.95 

— 

Input  Voltage                 "0"  Level 

VIL 

Vdc 

(Vq  -  4-5  or  0.5  Vdc) 

5.0 



1.5 

2.25 

1 .5 

_ 

1.5 

(Vo  =  9.0  or  1 .0  Vdc) 

10 



3.0 

4.50 

3.0 

_ 

3.0 

(V/j  -  13.5  or  1.S  Vdc) 

15 

- 

4.0 

6.75 

4.0 

- 

4.0 

"1"  Level 

V|H 

Vdc 

IV0-  0.5  or  4.5  Vdc) 

5.0 

3.5 

— 

3  5 

2.75 

_ 

3.5 

— 

IV0.  1.0  or  9.0  Vdc) 

10 

7.0. 

— 

7.0 

5.50 



7.0 

— 

(Vo  -  1  5  or  13.5  Vdcl 

15 

11.0 

— 

11.0 

B.25 



11.0 

— 

Output  Drive  Current  (AL  Oevicel 

lOH 

mAdc 

IVqh  -  2.5  Vdc)  Source 

50 

-3.0 

— 

—  2.4 

—  4.2 

-1.7 

— 

IVqh  -  4.6  Vdc) 

5.0 

-0.64 

— 

-0.51 

-0.88 



-0.36 

— 

(Vqh.  9.5  Vdcl 

10 

-1.6 

— 

-1.3 

-2.25 



-0.9 

— 

IV0H«  13.5  Vdc) 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

— 

IVql  "0.4  Vdc)  Sink 

'OL 

5.0 

0.64 

— 

0.51 

0.88 

0.36 

— 

mAdc 

(V0L  -0.5  Vdc) 

10 

1.6 

— 

1.3 

2.25 

- 

0.9 

— 

ivql  -  '-5  Vdcl 

15 

4.2 

3.4 

8.8 

— 

2.4 

Output  Drive  Current  (CL/CP  Device) 

lOH 

mAdc 

(Vqh  -  2.5  Vdc)  Source 

5.0 

—  2.5 

-2.1 

-4.2 

— 

—  1.7 

IVQH  "*•.»>  VOCI 

 0  52 

-0.44 

-0.88 

— 

—  0.36 

'  OHn  ''^    r*c i 

10 

—  1.3 

-1.1 

-2.25 

— 

—  0.9 

I\/a>i—  11  <i  VHf  1 

t v OH      U.?  VOCI 

15 

—  3.6 

-3.0 

-8.8 

— 

_  2  4 

IVql    0.4  Vdc)  Sink 

'OL 

5.0 

0.44 

0.88 

0.36 

(Vql  -  o.s  vdc) 

10 

1.3 

1.1 

2.25 

— 

0.9 

_ 

(Vql  -  1.5  Vdc) 

15 

3.6 

3.0 

B.8 

2.4 



Input  Current  (AL  Device) 

•in 

15 

1 0. 1 

:  0  00001 

•0  1 

— TTo — 

uAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

i  0  3 

1000O01 

:0.3 

«  i  Q 

uAdc 

Input  Capacitance 

Cin 

— 

— 

— 

50 

7.5 

— 

pF 

IVin-OI 

Ouiescent  Current  (AL  Devicel 

<DD 

50 

- 

5.0 

0.005 

50 

— 

150 

uAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  ICL/CP  Device) 

'DO 

50 

20 

0.005 

20 

ISO 

MAdc 

IPer  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current '  *  1 

it 

5.0 

IT  =  10.85  (lA/kHrl  (  «  lDD 

uAdc 

(Dynamic  plus  Quiescent. 

10 

lT-l1.7tiA/kHiM*  l00 

Per  Package) 

15 

IT  -  (2.6uA/kH2)  f  +  lDo 

(Cl  ■  50  pF  on  all  outputs,  all 

bullets  switching) 

"T!ow"  -SS'C  for  AL  Device.  -40'C  for  CL/CP  Oovlco. 
Thigh"  +  125*C  (or  AL  Dovlce.  +85*Cfor  CUCP  Oovlco. 

#Oata  labelled  "TVp"  IB  not  to  be  usod  (or  doslgn  purposos  but  IB 
fntondod  as  an  Indication  of  the  tC's  potential  performance. 


tTo  calculate  total  supply  curront  al  loads  othor  than  50  pF: 

•t(Cl)  -  IT(50PF)  +  (CL  -50)Vlk 

whoro:  ly  Is  In  |iA  (por  packago).  Cl  In  pF.  V  -  (Vqq  ~  VSS> ,n  volts, 
t  In  kHz  Is  Input  Iroquoncy.  and  k  -  0.002. 


**Tho  formulas  givon  aro  for  tho  typical  characteristics  only  at  2S*C. 

PIN  ASSIGNMENTS 


MC14555B 
 ^ 


MC14S56B 


^A 
AA 
BA 
Q0A 

Q'A 
Q3. 


vDd 
£B 
Ab 
Bb 

Q0B 

Q'b 

Q2B 
Q3B 


)  16 
I  15 
)  14 
)  13 
I  12 
I  11 
I  10 
'  9 


v-r  

1 

ea 

vDD 

16 

2 

AA 

EB 

15 

3 

BA 

AB 

14 

4 

Q0A 

BB 

13 

5 

°'A 

Q0B 

12 

6 

CZ 

Q2A 

Q1B 

11 

7 

Q3A 

Q2B 

10 

8 

cz 

vSs 

Q3B 

9 
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MC14555B«MC14556B 


SWITCHING  CHARACTERISTICS'^  ■  50  pF,  TA  ■  25°C) 


Characteristic 

Symbol 

V00 

Min 

Typ  # 

Max 

Unit 

Output  Rlso  and  Fall  Time 

MLH' 

ft* 

tfLH'  *THL  "  (1-5  no/pF)  Cl  +  25  na 

•thl 

5.0 



100 

200 

lTLH-  *THL  "  <°  75  ""PF)  C|.  +  12.5  ns 

10 



50 

100 

tTLH-  'THL  -  (0-55  na/pF)  C|.  +  9.5  na 

IS 

40 

80 

Propagation  Delay  Time  —  A,  B  to  Output 

'PLH, 

ns 

'PLH.  tpHL  "        ns/pF)  C|.  +  138  n« 

«PHL 

5.0 

220 

440 

<PLH,  'PHL  "  ,0  66  n«'PFl  CL  +  62  ns 

10 

95 

190 

'PLH,  tPHL  "  '0  5  ««/PFl  C|,  +  48  ni 

IS 

70 

140 

Propagation  Delay  Time  -  E  to  Output 

<PLH. 

ns 

'PLH.'PHL"  C.7ni/pFIC|.*  115ns 

«PHL 

5.0 

200 

400 

'PLH.  <PHL  "  f0-66  ns/pF)  C|_  +  52  ni 

10 

85 

170 

*PLH.  IPHL  "  l°-5  ns/pF)  C(.  +  40  ns 

15 

65 

130 

'The  formula*  given  are  for  iho  typical  cht/acteriailca  only  at  25 *C. 


#Data  labelled  "Typ"  la  not  to  bo  used  tar  tioalgn  purpose*  but  ta 
Intondod  at  an  Indication  of  the  IC'a  potantlal  performance. 


FIGURE  1  -  DYNAMIC  POWER  DISSIPATION  SIGNAL  WAVEFORMS 

Input  E  low. 


A  Inputs 
(50%  Duty  Cycle! 


B  Inputt 
(50%  Duty  Cycle) 


FIGURE  2  -  DYNAMIC  SIGNAL  WAVEFORMS 

Input  A  high.  Input  E  low. 


20  m- 
Input  B 


Output  C 
MC14556B 


Vol 


All  8  outputs  connect  to  respective  CL  loads, 
f  in  respect  to  a  system  clock. 


'PHL—      h—       —  p-'PLH 

 lJ— 90%  Lf— —  V 

utQ3           V  50*  jf 

4556B           3U.  10%  X 

'THL  -|  -1  I— «TLHV< 

'PLH  -4— |  h-hi£Hfcv 

!—           f -w~  V-V, 
«TLH  1   I—         —I   1— tT„' 


LOGIC  DIAGRAM 

(1/2  of  Dual) 


■Eliminated  for  MC1455SB 
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MC14557B 


1-TO-64  BIT  VARIABLE  LENGTH  SHIFT  REGISTER 

The  MC14557B  is  a  static  clocked  serial  shift  register  whose  length 
may  be  programmed  to  be  any  number  of  bits  between  1  and  64.  The 
number  of  bits  selected  is  equal  to  the  sum  of  the  subscripts  of  the 
enabled  Length  Control  inputs  (LI.  L2.  L4,  L8.  L16.  and  L32)  plus 
one  Serial  data  may  be  selected  from  the  A  or  B  data  inputs  with 
the  A/B  select  input.  This  feature  is  useful  for  recirculation  purposes. 
A  Clock  Enable  (CE1  input  is  provided  to  allow  gating  of  the  clock 
or  negative  edge  clocking  capability. 

The  device  can  be  effectively  used  for  variable  digital  delay  lines 
or  simply  to  implement  odd  length  shift  registers. 

•  164  Bit  Programmable  Length 

•  Q  and  0  Serial  Buffered  Outputs 

•  Asynchronous  Master  Reset 

•  All  Inputs  Buflered 

•  No  Limit  On  Clock  Rise  and  Fall  Times 

•  Supply  Voltage  Range  «  3  0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  one  Low- 
power  Schottky  TTL  Load  Ovar  the  Rated  Temperature 
Range 


CMOS  LSI 

(LOW  POWER  COMPLEMENTARY  MOSI 

1-TO-64  BIT 
VARIABLE  LENGTH 
SHIFT  REGISTER 


MAXIMUM  RATINGS*  (Voltages  Rolerencod  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  to  +18. 0 

V 

Vin.  Vou, 

Input  or  Output  Voltago  (DC  or  Transient) 

- 0.5  to  VDD  +0.5 

V 

'in-  'out 

Input  or  Oulput  Currant  (DC  or  Transient),  por  Pin 

±10 

mA 

Pd 

Power  Dissipation,  per  Packaget 

500 

mW 

T3ta 

Storage  Temperature 

-65  to  +150 

•c 

\ 

Load  Tomporature  (B-Socond  Soldering) 

250 

°C 

L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 

PLASTIC  PACKAGE 
CASE  648 


ORDERING  INFORMATION 

A  Senas  -55°Clo  +  125'C 

MC14XXXBAL  (Coramic  Packago  Only) 

C  Serios:  -40*010  +  85*C 

MC14XXXBCP  (Plasllc  Packago) 
MC14XXXBCL  (Coramic  Packago) 


'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTomperaturo  Derating:  Plastic  "P"  Packago:  -  12mW/*C  from  65°C  to  65'C 

Coramic  "L"  Package:  -i2mW/°C  Irom  100"C  to  125°C 


LENGTH  SELECT  TRUTH  TABLE 


L32 

L16 

L8 

L4 

L2 

LI 

Register  Length 

O 

0 

0 

0 

0 

O 

1  Bit 

O 

0 

0 

O 

0 

1 

2  Bits 

0 

O 

0 

0 

1 

0 

3  Bus 

0 

O 

0 

O 

1 

1 

4  Bit* 

0 

O 

0 

1 

0 

0 

5  Bits 

0 

0 

0 

1 

0 

1 

6  Bits 

1 

0 

0 

O 

0 

0 

33  Bus 

1 

O 

0 

0 

0 

1 

3d  Bits 

1 

1 

1 

0 

0 

61  BUS 

1 

1 

1 

0 

1 

62  Bits 

1 

1 

1 

1 

0 

63  B>tt 

1 

1 

1 

1 

1 

64  Bits 

Nate 

Length  equal 

the  tu 

m  of  the  tun 

ary  length 

conlro 

subsc 

ipu  p 

ui  one 

BLOCK  DIAGRAM 


Rdsdi 

Clock 

'.O  (. 

CT 

■ 

A 

A/S  S 

LI 

L2 

Li 

LB 

LIB 

L33 

v0o  -  ™>  ,s 
TRUTH  TABLE 


Inputs 

Output 

Fist 

Are 

ClOCk 

ce 

a 

0 

0 

□ 

B 

a 

i 

0 

A 

0 

D 

1 

B 

o 

i 

1 

A 

1 

X 

X 

0 

Q  ii  111*  output  of  th*  tint  tttmwi 
•hill  !•»»■  lies* 
X  -  Don't  C.r. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  10  Vss) 


VD0 

Tlow* 

25*C 

Thl 

oh* 

in 

*2utnHnl 

VJIIHIVI 

Vdc 

Mln 

Max 

Mln 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage 

"0"  Level 

vol 

5.0 

0.05 

0 

0.05 

— 

0.05 

Vdc 

V|n  =  Vdo  or  0 

10 

— 

0.05 

— 

0 

0.05 

— 

0.05 

IS 

— 

005 

— 

0 

0.05 

0.05 

"1"  Level 

voh 

5.0 

4.95 

4.95 

5.0 

4.95 

— 

Vdc 

Vin  =  0  or  Voo 

10 

9.95 

9.95 

10 



9.95 

— 

15 

14.95 

— 

14.95 

15 

— 

14.95 

— 

Input  Voltage 

"0"  Level 

vil 

Vdc 

(Vo  =  4.5  or  0.5  Vdc) 

5.0 

1.5 

2.25 

1.5 

— 

1.5 

(Vo  =  9.0  or  1.0  Vdc) 

10 

3.0 

4.50 

3.0 

— 

3.0 

(Vo  -  13.5  or  1.5  Vdc) 

15 

_ 

4.0 

_ 

6.75 

4.0 

— 

4.0 

-1"  Level 

vih 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3.5 

3.5 

2.75 

3.5 

— 

(Vo  -  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

— 

(Vo  =  1.5  or  13.5  Vdc) 

15 

11.0 

_ 

11.0 

8.25 

_ 

11.0 

— 

Output  Drive  Current  (AL  Device) 

ioh 

mAdc 

(Voh  =  25  Vdc) 

Source 

5.0 

-3.0 

—2.4 

-4.2 

-1.7 

— 

(VOH  =  4-6  Vdc) 

5.0 

-0.64 

-  0.51 

-0.68 

-0.36 

— 

(Voh  -  9.5  Vdc) 

10 

-1.6 

-1.3 

-2.25 

-0.9 

— 

(Voh  =  13.5  vdc) 

15 

-4.2 

_ 

-3.4 

-8.8 

_ 

-2.4 

— 

(Vol  =  0.4  vdc) 

Sink 

k>L 

5.0 

0.64 

0.51 

0.68 

0.36 

— 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.6 

1.3 

2.25 

0.9 

— 

(Vql  =  »-s  vdc) 

15 

4.2 

— 

3.4 

8.8 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

ioh 

mAdc 

(VOH  -  2-5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

-1.7 

— 

(VOH  =  4.6  Vdc) 

5.0 

-0.52 

-0.44 

-0.88 

—0.36 

(Voh  =  9 £  Vdc) 

10 

- 1  3 

—2  25 

-0.9 



(Voh  =  i3.s  vdc) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

— 

(Vol  ■  0.4  vdc) 

Sink 

kJL 

5.0 

0.52 

0.44 

0.88 

0.36 



mAdc 

(Vol  =  o.s  vdc) 

10 

1.3 

1.1 

2.25 

0.9 

— 

(Vol  =  i  s  vdc) 

15 

3.6 



3.0 

8.8 

2.4 

— 

Input  Current  (AL  Device) 

■in 

15 

±0.1 

±0.00001 

±0.1 



±1.0 

(iAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

— 

±0.3 

±0.00001 

±0.3 

±1.0 

^tAdc 

Input  Capacitance 

Cm 

— 

— 

— 

5.0 

7.5 

— 

— 

PF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

IDD 

5.0 

5  0 

0.010 

50 

— 

150 

^Adc 

(Per  Package) 

10 

10 

0.020 

10 

— 

300 

15 

20 

0.030 

20 

— 

600 

Quiescent  Current  (CL/CP  Device) 

IDD 

5.0 

50 

0.010 

50 

375 

/xAdc 

(Per  Package) 

10 

100 

0.020 

100 

750 

15 

200 

0.030 

200 

1500 

Total  Supply  Current"t 

IT 

5.0 

IT  -  (1.75,iA/kHz)l  +  IDD 

(Dynamic  plus  Quiescent, 

10 

rr  =  (3.5  ^A*Hz)  (  +  lDD 

Per  Package) 

15 

IT  =  (5.25  mA/VHz)  1 

+  lDD 

(Cl  =  50  pF  on  all  outputs, 

all  buffers  switching) 

"Tlow  "  ~  S5*c  ,0f  AL  Oovlco.  -  40*C  for  CL/CP  Oovlco.  fTo  calculate  total  supply  curronl  at  loads  othor  than  SO  pF: 

Thloh  "  +  »25*C  for  AL  DovlCO.  +  85*C  lor  CL/CP  Dovlco. 

rT<CL>  -  1T<50pF>  +  <CL  -50>Vlk 

#Data  lobollod  "Typ"  is  not  to  bo  usod  tor  design  purposes  but  Is 
intended  as  an  indication  of  tho  IC's  potential  performance-  whom:  \  j  is  in  |iA  (por  package),  CL  in  pF.  V  -  ( Vqq  -  Vgg)  En  voHs, 

f  in  kHz  is  Input  froquoncy.  and  k  -  0.001. 

"Tho  formulas  gtvon  aro  for  tho  typical  charadorisUca  only  at  25*C. 


This  device  contains  protection  circuitry  to  guard  agatnst  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-Imped- 
ance circuit.  For  proper  operation,  Vin  and  Vout  should  be  constrained  to  the  range  Vss  *  (vin  or  vout>  *  VDD- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD>-  Unused  outputs  must 
be  left  open. 
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SWITCHING  CHARACTERISTICS'  (CL  =  so  pF,  TA-25'C) 


Characteristic 

Symbol 

VDD 

Kin 

Typ# 

Max 

Unit 

Rise  and  Fall  Time,  Q  or  Q  Output 

*TLH. 

ns 

H\M'  tTHLMt-S  no/pF)  CL  +  25  ns 

*THL 

5 

— 

too 

200 

tjLH'  'THL""(°'75  Hft/pF)  C|_+12.5  08 

to 

— 

50 

100 

*TLH>  lTHL  =  (°-ss  na/pF)  C|_  +  9.5  ns 

15 

— 

40 

80 

Propagation  Delay.  Clock  or  CE  to  Q  or  Q 

'PLH. 

ns 

tpLH.  *PHL  =  0  -7  na/PF)  CL  +  215  ns 

tpHL 

S 

— 

300 

600 

tPLH*  lPHL  =  (0.66  na/pF)  C(.  +  97  ns 

10 

— 

130 

280 

tp|»*  tpHL  °  (0-6  na/pF)  Cl  +  65  ns 

15 

00 

1B0 

Propagation  Delay,  Reset  to  Q  or  Q 

*PLH, 

ns 

lpi.Hr  *PHL  "        na/pF)  Cl  +  215  na 

*PHL 

5 

300 

600 

lPLH>  *PHL  13  (0.66  ns/pF)  Ci_  +  97  ns 

10 

— 

130 

260 

tpLH,  tpHL  °  (°-5  na/pF)  C|_  +  70  ns 

15 

— 

95 

160 

Pulse  Width,  Clock 

5 

200 

95 

ns 

10 

100 

45 

_ 

15 

75 

35 

— 

Pulse  Width  Reset 

iWH(rat) 

5 

300 

150 

ns 

10 

140 

70 

15 

100 

50 

— 

Clock  Frequency  (50%  Duty  Cycle) 

'cl 

5 

3.0 

1.7 

MHz 

10 

— 

7.5 

5.0 

15 

— 

13.0 

6.7 

Setup  Time,  A  or  B  to  Clock  or  CE 

<su 

ns 

Worst  case  condition:  LI  =  L2  -  L4  -  L8  = 

5 

700 

350 



L16  a  L32  »  Vss  (Register  Length  =  1) 

10 

290 

130 



15 

145 

85 

- 

Best  case  condition:  L32  =  Vqq,  LI  through  L16 

5 

400 

45 



=  Don't  Care  (Any  register  length  from  33  to  64) 

10 

165 

5 

— 

15 

60 

0 



Hold  Time,  Clock  or  CE  to  A  or  B 

ns 

Best  case  condition:  L1  =  L2  -  L4  =  L8  -  L16  - 

5 

200 

-150 



L32  a  Vss  (Register  Length  *  1) 

10 

100 

-60 

— 

15 

10 

-50 

Worst  case  condition:  L32  -  Vqq,  L1  through  L16 

5 

400 

50 

-  Don't  Care  (Any  register  length  from  33  to  64) 

10 

185 

25 

— 

15 

85 

22 



Rise  and  Fall  Time,  Clock 

"r. 

5 

— 

<l 

10 

No  Limit 

15 

Rise  and  Fall  Ttme,  Reset  or  CE 

<r. 

S 

15 

<l 

10 

5 

15 

4 

Removal  Time,  Reset  to  Clock  or  CE 

from 

5 

180 

80 

ns 

10 

60 

40 

15 

70 

35 

*Tho  formulas  glvon  aro  for  the  typical  characteristics  only  at  25*C. 
#0ata  tsbotlod  "Typ"  is  not  to  be  usod  for  design  purposes  but  is 
intondsd  as  an  indication  of  the  IC's  potential  performance. 


TIMING  DIAGRAM 


1  bit  length' 

-  o 

A/B  -  1 


L1  "  L7  -  L4  -  L8  -  L16  -  L32  •«  0 


6-423 


MC14557B 


6-424 


MOTOROLA 


BCD-TO-SEVEN  SEGMENT  DECODER 


The  MC14558B  decodes  4-bit  binary  coded  decimal  data  depen- 
dent on  the  state  of  auxiliary  inputs.  Enable  and  RBI,  and  provides  an 
active-high  seven  segment  output  for  a  display  driver. 

An  auxiliary  input  truth  table  is  shown,  in  addition  to  the  BCD 
to  seven-segment  truth  table,  to  indicate  the  functions  available  with 
the  two  auxiliary  inputs. 

Leading  Zero  bfankmg  is  easily  obtained  with  an  external  flip-flop 
m  time  division  multiplexed  systems  displaying  most  significant 
decade  first. 


•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Segment  Blanking  for  All  Illegal  Input  Combinations 
■   Lamp  Test  Function 

•  Capability  for  Suppression  of  Non-Significant  Zeros 

•  Lamp  Intensity  Function 

•  Capable  of  Driving  Two  Low-power  TTL  Loads,  One  Low  power 
Schottky  TTL  Load  or  Two  HTL  Loads  Over  the  Rated  Temper- 
ature Range 


MC14558B 


CMOS  MSI 


(LOW-POWER  COMPLEMENTARY  MOS) 


BCD-TO-SEVEN 
SEGMENT  DECODER 


L  SUFFIX 
CERAMIC  PACKAGE 

CASE  «30  CASE  648 


P  SUFFIX 

PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Sorios:  -55°C  to  +  125°C 
MC14XXXBAL  I  Ceramic Package Onlyl 

C  Senas:  -40°C  lo  +85°C 
MCI4XXXBCP  IPiasnc  Package! 
MC14XXXBCL  (Ceramic  Packagel 


MAXIMUM  RATINGS  IVoliaoes  referenced  10  Vssl 


Riling 

Symbol 

Value 

Unit 

DC  Supply  Voltage 

VDD 

-0  5  lo  '18 

Vdc 

input  Voltage.  All  Inputs 

V,n 

-0  5  lo  Vqd  *  0  5 

Vdc 

DC  Input  Current,  per  Pin 

•in 

±10 

mAdc 

Operating  Temperaiure  Range  -  Al_  Device 
CL'CP  Device 

ta 

-55  lo  H25 
-40  to  >85 

°C 

Storage  Temperature  Range 

T»ig 

-65  lo  •  1 50 

°C 

AUXILIARY  INPUT  TRUTH  TABLE 


BCD 

Enable 

RBI 

Input 

RBO 

Pm  3 

Pm  5 

Code 

Pm  4 

Function  Performed 

O 

0  . 

X 

O 

Lamp  Ttlt 

0 

1 

X 

1 

Blank  Sagmintt 

1 

1 

0 

1 

Ditpliv  Zmro 

1 

0 

0 

0 

Blank  Svgmtn  ti 

1 

X 

1  9 

1 

1  9  Diielayad 

x  - 

Don't  Car 

■ 

reTi  - 

Rip  pin  Bl 

nkmg  Inp 

Jl 

RBO  -  RipfiWj  Blanking  Output 


PIN  ASSIGNMENT 


DISPLAY 


n 
u 

i 
i 

D 
(_ 

3 
Zi 

u 

i 

s 

b 

-> 

t 

8 

9 
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ELECTRICAL  CHARACTERISTICS  'Voliages  Referenced  lo  Vssl 


VDD 

Tie 

25°C 

W 

Characteristic 

Symbol 

Vdc 

Min 

Maa 

Min 

Tun 
■  VP 

Max 

Min 

Max 

Unit 

Output  VQft3C<6                      "0"  Level 
«,n.VDD  orO 

OL 

5  0 
10 
15 

0  05 
0.05 
0  05 

0 
0 
0 

0.05 
0  05 
0  05 

0.05 
005 
005 

Vdc 

•1"  Level 

V  n  >  0  Of  Vrtn 

V0H 

50 
10 
15 

4.95 
9  95 
14  95 

4  95 
9  95 
14  95 

5  0 
10 
15 

4  95 
995 
14.95 

Vdc 

Input  Voltac*"                    "0"  Level 
<V0  .  4.5  or  0.5  Vdcl 
IV0  .90or  1.0  Vdcl 
(Vq  o  U  3  Or  1  3  Vac  J 

V|L 

5  0 
10 
jfj 

1  5 

3.0 

- 

7  25 
450 
6  75 

1  S 
3  0 
40 

- 

IS 

3  0 
40 

Vdc 

•I"  Level 

IVQ.  0  5  or  4  5  Vdcl 
IVo  -  10  or  9.0  Vdcl 
(V0.  t  5  or  13  5  Vdcl 

V|H 

50 
10 
15 

3  5 
7  0 
110 

- 

3  5 
7  0 
110 

2  75 
5  50 
825 

- 

3  5 
7.0 
11  0 

- 

Vdc 

Ouliiut  Drive  Current  (AL  Device! 
<vOH  ■  2  5  Vdc)  Source 
IVqh-  4.6  Vdc) 
IVoh-  9  5  Vdc) 
IV0H.  13.5  Vdc) 

'OH 

50 

so 

10 
15 

-3.0 
-0.64 
-1.6 
-4.2 

- 

-2.4 
—0.51 
-1.3 
-3.4 

-4.2 
—  0.88 
-2.25 

-8.8 

- 

-1.7 
—  0.36 
-0.9 
-2.4 

- 

mAdc 

IVOL  -  04  Vdc)  Sink 
IVql  ■  0.5  Vdc) 
IV0L-  15  Vdc) 

'OL 

5.0 
10 
15 

064 

1  6 
4.2 

- 

0  51 
1  3 
34 

0.88 
2  25 
88 

0  36 
0  9 
24 

mAdc 

Output  Drive  Current  (CL/CP  Device) 
IVqh  •  2.5  Vdc)  Source 
<vOH"  4  6  Vdc) 
IVqh  ■  9  5  Vdcl 
IVqh-  13.5  Vdcl 

'OH 

5.0 
50 
10 
15 

-2.5 
-0.52 
-1.3 
-3.6 

- 

- 

-2.1 
-0.44 
-1.1 
-3.0 

-4.2 
-0.88 
-2.25 

-8.8 

- 

-1.7 
-0.36 
-0.9 
-2.4 

mAdc 

IVql  -  0.4  Vdc)  Sink 
IVOL  .  0.5  Vdcl 
'vOL  "  '  5  Vdcl 

'OL 

5.0 
10 
IS 

0.52 
13 

3.6 

0  44 
11 

3  0 

088 
2.25 
8.8 

- 

0.36 
0.9 
24 

- 

mAdc 

Input  Current  (AL  Device) 

>rn 

IS 

±0  1 

i  0  00001 

±0  1 

±1  0 

MAdc 

Input  Current  (CL/CP  Oevrcel 

'in 

15 

±03 

±0  00001 

±03 

±1  0 

uAdc 

Input  Capacitance 

C,n 

50 

7.5 

pF 

Quiescent  Current  (AL  Device) 

(Per  Packagel         vln  =  0  Of  VDD 
l0ut  =  °CA 

'00 

50 
10 
15 

50 
10 
20 

0.005 
0.010 
0.015 

SO 
10 
20 

150 
300 
600 

jiAdc 

Ouiesceni  Current  ICL'CP  Device) 
IPei  Packaoel         V|n  =  0  or  VDD 
'out  =  °eA 

'DO 

50 
10 
15 

20 
40 
80 

0.005 
0.010 
0.015 

20 
40 
80 

150 
300 
600 

vAdc 

Total  Supply  Current'*  1 
(Dynamic  plus  Quiescent. 
Per  Packaqel 

1C[_  ■  50  pF  on  all  outputs,  all 

buffers  switching) 

•T 

SO 
10 
15 

IT  •  (13|iA/ltH2)  1  +  Iqo 
IT  -  (2.4  tiA/kHl)  1  ♦  'DO 
IT  -  (3.6uA/kHl)  f  ♦  '00 

pAdc 

*Tlow-  -5S°C  lor  AL  Oev.ce.  -40°C  lor  CL/CP  Device. 
Th.gh  -  *  ' 25°C  to.  AL  Dev.ce,  *85°C  lor  CL/CP  Device. 
-Noise  immunity  specified  foi  wot  it -cue  input  combination 
Noise  Mjiqm  foi  both  "  1 "  and  "0"  level  -  1 .0  Vdc  mm  &  Vqq  .  S  O  Vdc 

2  0  Vdcmtn<s>  Vqq  .  10  Vdc 
2.5  Vdc  min®  Vqq  .  15  Vdc 
tTo  calculate  ictal  supply  current  at  loads  other  than  50  pF 
lT(CLl  «lT(50pF|  +4  m  10-3  ICL  -50)  VDOf 
where  t^  is  m  wA  (pei  package),  C(_  m  pF .  Vqq  m  Vdc,  and  I  in  kHt  is  input  frequency. 
*  *  The  formulas  given  are  lor  the  typical  characteristics  only  at  25°C. 


This  device  contains  circuitry  to  protect  the  inputs  against  damage  due  to  high  static  voltages  or  electric  fields:  however,  it  is  ad- 
vised that  normal  precautions  be  taken  to  avoid  application  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high  im- 
pedance circuit.  For  proper  operation  it  is  recommended  that  Vj0  and  V0iJl  be  constrained  to  the  range  Vgs  <  <Vm  or  Vout) 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g..  either  V$$  or  Vqq)  . 
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SWITCHING  CHARACTERISTICS*    ICL  -  50  pF,  JA  -  2S°C;  m  Figure  II 


CHaracttfistic 

Symbol 

V0D 

M!n 

Typ 

Max 

Unit 

Output  Riso  Time 

<TLH 

ns 

'TLH  "  (3.0  ni/pF)  C|_  +  30  ns 

5.0 

- 

100 

200 

»TLH    n.b  ni/pr)  Cl  ♦  15  ni 

10 

— 

50 

100 

l-i  ,,  a  |1   1  H/nC|  f*.    A  1A  •» 

*TLH         tnipri      ▼  iu  ns 

15 

40 

80 

Output  Fall  Time 

THL 

ns 

IjHL  ■  (1-6ni/pF)CL  +  25rw 

5.0 

- 

100 

200 

•THL    IO./5  ns/pFI  Cl  +  12.5  ns 

10 

60 

100 

'THL  "  10.55  ns/pFI  C(.  +  9.5  ns 

15 

40 

80 

Propagation  Oslsy  Tims 

'PLH 

ns 

<PLH  *  0.7  nt/pF)  Cl  ♦  495  ns 

5.0 

580 

1160 

tpLH  "  10.66  ni/pFI  Cl  ♦  187  ns 

10 

220 

440 

■PLH  "  '0.5  ni/pFI  Cl  +  120ns 

15 

145 

230 

Propagation  Oslev  Time 

<PHL 

ns 

>PHL  "  H.7  ns/pF)  Cl  +  695  ns 

5.0 

760 

1660 

IPHL  "  (0.66  ns/pF)  Cl  +  242  ns 

10 

275 

550 

tpHL  *  (0.5  ns/pF)  Cl  +  160  ns 

15 

185 

370 

*  The  formulae  given  are  for  the  typical  characteristics  only. 
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0 
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1 
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X 
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0 

0 

1 

1 

1 
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0 

1 

1 
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0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

Blank 

0 

0 

X 

X 

X 

X 

1 

f 

1 

1 

1 

1 

1 

0 

8 

0 

1 

X 

X 

X 

X 
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*  All  non-valid  OCO  input  c  octet  prodvca  •  blank  ditto  lay 
X  *  Oon't  Car* 


FIGURE  1  -  SIGNAL  WAVEFORMS 


Any  Input 


Any  Output 
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TYPICAL  APPLICATIONS 

FIGURE  2-  LEADING  AND  TRAILING  ZERO 
SUPPRESSION  WITH  LAMP  TEST 


N4  N3 


N2  N1  •  N1  N2 


VSS« 


rbi  R"ao 


RBI  tteo 


RBI  RBO 


VSS 


FIGURE  3  -  LEADING  AND  TRAILING  ZERO  SUPPRESSION 
WITH  PWM  INTENSITY  BLANKING  AND  NO  LAMP  TEST 


"Vod 


RBI  RBO 

RBI  RBO 

RBI  RBO 

En 

En 

En 

RBI  FTSO 


■  RBI     RBO  — 1 


4> 


FIGURE  4  -  ZERO  SUPPRESSION  WITH  LAMP  TEST 
AND  INTENSITY  BLANKING 


RBI  RBO 


RBI  RBO 


RBI  RBO 


RBI  RBO 


RBI  R~BO 


R8I  RBO 


RBI  RBO 


Blanking  a, 
Lamp  Tan  4 


4>  
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NBCD  ADDER 

The  MC145608  adds  two  4-bit  numbers  in  NBCD  (natural  binary 
coded  decimal)  format,  resulting  in  sum  and  carry  outputs  in  NBCD 
code. 

This  device  can  also  subtract  when  one  set  of  inputs  is  comple- 
mented with  a  9's Complementer  (MC 14561BI. 

All  inputs  and  outputs  are  active  high.  The  carry  input  for  the 
least  significant  digit  is  connected  to  Vss  for  no  carry  in. 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS'  (Voltages  Referenced  lo  Vss) 


Symbol 

Parameter 

Value 

Unit 

vdd 

DC  Supply  Vollage 

-  0  5  to  *  18  0 

V 

V,n-  Voui 

input  or  Outpul  Voltage  (DC  or  Transient) 

-  0  5  to  Vqd  +0  5 

V 

'in.  'out 

Input  01  Output  Current  (DC  or  Transient),  per  Pm 

*  10 

m  A 

PD 

Power  Dissipation,  per  Package* 

500 

mW 

'stQ 

Storage  Temperature 

-  65  to  *  150 

*C 

'I 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

•Maximum  Ratings  are  those  values  beyond  wnicn  damage  to  me  device  may  occur 
tTemperature  Derating   Plastic   P"  Package   -  i2mW/"C  I'om  65*C  to  85*C 

Ceramic  "L"  Package   -12mW/°C  Irom  100°C  to  125'C 

TRUTH  TABLE* 


INPUT 

OUTPUT 

A3 

A2 

A1 

B4 

B3 

B2 

Bl 

C,n 

Coul 

S4 

S3 

S2 

SI 

□ 

0 

0 

0 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

0 

0 

0 

0 

a 

0 

1 

0 

□ 

0 

0 

1 

0 

1 

0 

0 

0 

0 

i 

1 

0 

0 

0 

1 

1 

1 

O 

1 

0 

0 

0 

0 

1 

1 

1 

0 

1 

0 

0 

0 

0 

1 

1 

1 

O 

l 

0 

0 

0 

0 

0 

0 

1 

'  0 

1 

1 

1 

O 

l 

□ 

0 

1 

0 

0 

1 

0 

i 

0 

0 

0 

0 

1 

□ 

1 

□ 

0 

0 

1 

1 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 

0 

0 

1 

•Part. 

II  tru|h 

table  to  thot 

v  logic  operation  tor 

repress 

ntattv- 

»  input 

values 

This  device  contains  protection  circuitry  to  guard  against  damage  due  to 
high  static  voltages  or  electric  fields.  However,  precautions  must  be  taken 
to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to 
this  high-impedance  circuit.  For  proper  operation,  Vjn  and  V0U(  should  be 
constrained  to  the  range  Vss  *  (vln  or  vout)  35  VDD- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level 
(e.g.,  either  Vss  or  VDD)-  Unused  oulputs  must  be  left  open. 


CMOS  MSI 

HOW- POWER  COMPLEMENTARY  MOSI 

NBCD  ADDER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Sarles:  -SS'C  lo  125°C 
MC14XXXBAL  (Ceramic  Packago  Only) 

C  Series:  -40*Cto  +85'C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 
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A* 

6  O — 

a.  cou, 
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DO  ■  16 

Vss  '  Pin  6 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  VSs) 


VDD 

T|OW* 

2S*C 

Tm 

nh' 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ  # 

Max 

Min 

Max 

Unit 

Output  Voltage 

"0"  Level 

VOL 

5.0 

0.05 

0 

0.05 

0.05 

Vdc 

V|n  -  VddotO 

10 

0.05 

0 

0.05 

— 

0.05 

15 

0.05 

0 

0.05 

— 

0.05 

"1"  Level 

voh 

5.0 

4.95 

~ 

4.95 

5.0 

~ 

4.95 

_ 

Vdc 

V|n  -  OorVDD 

10 

9.95 

9.95 

10 

9.95 



15 

14.95 

14.95 

15 

14.95 

— 

Input  Voltage 

"0"  Level 

V|L 

Vdc 

(Vo  -  4.5or0.5VdC) 

5.0 

— 

1.5 

— 

2.25 

1.5 



1.5 

(Vo  =  9.0  or  1.0  Vdc) 

10 

3.0 

4.50 

3.0 



3.0 

(Vo  -  13.5or  1.5  Veto) 

15 

4.0 

6.75 

4.0 

4.0 

"1"  Level 

V|H 

Vdc 

(Vo  -  0.5  or  4.5  Vdc) 

5.0 

3.5 

3.5 

2.75 

j  5 



(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

(Vo  =  1.5  or  13.5  Vdc) 

15 

11.0 

11.0 

8.25 

11.0 

— 

Output  Drive  Current  (AL  Device) 

k)H 

mAdc 

(Voh  =  2-5  Vdc) 

Source 

5.0 

-3.0 

— 

-2.4 

-4.2 

— 

-1.7 



(V0H  =  4.6  Vdc) 

5.0 

-0.64 

-0.51 

-0.68 

-0.36 



(Voh  =  9.5  Vdc) 

10 

- 1.6 

- 1.3 

-2.25 

-0.9 



(Voh  - 13.5  vdc) 

15 

-4.2 

-3.4 

-8.8 

-2.4 

— 

(Vol  =  0.4  vdc) 

Sink 

>ol 

5.0 

0.64 

0.51 

0.88 

0.36 



mAdc 

(Vol  -  0.5  vdc) 

10 

1.6 

1.3 

2.2S 

0.9 

(Vol  - 1-5  vdc) 

15 

4.2 

— 

3.4 

8.8 

- 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

>oh 

mAdc 

(Voh  =  2-5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

- 1.7 

(v0H  =  4.6  vdc) 

5.0 

-0.52 

— 

-0.44 

-0.88 

— 

-0.36 

(Voh  =  95  v<tc) 

10 

—  2  25 

-0.9 



(Voh  - 13.5  Vdc) 

15 

—36 

_3  0 

—  8.8 

-2.4 

— 

(Vol  =  0.4  vdc) 

Sink 

Ini 

5.0 

0.52 

— 

0.44 

0.88 

— 

0.36 

mAdc 

(Vol  =  0.5  vdc) 

10 

1  3 

2.25 

0.9 



(Vol  =  i  s  vdc) 

15 

3  6 

3.0 

8.8 

2.4 

— 

Input  Current  (AL  Device) 

tin 

in 

15 

— 

1 0.1 

±0.00001 

±0.1 

±1.0 

pAdc 

Input  Current  (CL/CP  Device) 

'In 

15 

— 

±0.3 

±0.00001 

±0.3 

±1.0 

fxAdc 

Input  Capacitance 

Cin 

5.0 

7.5 

— 

— 

PF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

IDD 

50 

5.0 

0.005 

5.0 



150 

/iAdc 

(Per  Package) 

10 

10 

0.010 

10 

— 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

IDD 

5.0 

20 

0.005 

20 

150 

pAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

SO 

0.015 

60 

600 

Total  Supply  CurrenP't 

"T 

5.0 

lT  =  (1.68j»A/kHz)l  +  |DD 

/iAdc 

(Dynamic  plus  Quiescent, 

10 

lT  =  (3.35  (lA/kHz)  1  +  IDD 

Per  Package) 

15 

IT  =  (5.03  /iA/kHz)  1  +  Iqd 

(C|_  =  50  pF  on  all  outputs. 

an  buffers  switching) 

*T!ow  "  ~  55'C  for  AL  DovEco,  -  40*C  lor  CL/CP  Dovlco. 
Thtgh  ~  + 1 25*C  lor  AL  Oovlco,  +  85*C  for  CL/CP  Dovlco. 

#Data  labelled  "Typ"  Is  not  to  be  used  for  design  purposes  but  Is 
Intondod  us  on  Indication  of  tho  IC's  potential  performance. 

"The  formulas  glvon  are  for  tho  typical  characteristics  only  at  25*C. 

fTo  calculate  total  supply  curront  at  loads  other  than  SO  pF: 

•tICl>  -  ItISO  Pf>  +  (Cl  "SOI  Vfk 

whoro:  \j  Is  In  pA  {por  package),  Cj_  In  pF,  V  -  (VDD  -  Vgg)  in  votls, 
f  In  KHz  Is  Input  frequency,  and  k  -  0.005. 


PIN  ASSIGNMENT 


1 1= 

A2 

VDD 

=  18 

2C= 

B2 

A1 

=  15 

3  C= 

A3 

B1 

— 114 

4  c: 

B3 

SI 

=  13 

s  r= 

A4 

S2 

=312 

6  CZ 

B4 

S3 

=311 

7  CZ 

Cin 

S4 

=310 

a  c= 

vSs 

cout 

=19 
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SWITCHING  CHARACTERISTICS*  (Cl  -  50  pF.  TA  -  25'C) 


Characteristic 

Symbol 

Vdd 

Mln 

Typ# 

Max 

Unit 

Output  Riso  and  Fall  Ttnxj 

ns 

tn  u.  tnti  =  11. S  ns/oF)  Ci  +  25  ns 

5.0 

100 

200 

tTLH.  *THL  =  (0-75  ns/pF)  Cl  +  12.5  ns 

10 



50 

100 

tTLH,  Ijhl  =  (0.55  ns/pF)  Cl  +  9.5  ns 

15 

— 

AO 

60 

Propagation  Delay  Tim© 

tDI  U  tDUl 

ns 

A  or  B  to  S 

tpLH.  tpHL  =  (1-7  ns/pF)  C\_  +  665  ns 

5.0 



750 

2100 

tpLH,  tpHL  =  (0.66  ns/pF)  Cl  +  297  ns 

10 

— 

330 

900 

tpLHt  tpHL  =  (0  5  na/pF)  Cl  +  195  ns 

15 

— 

220 

675 

A  or  B  to  Cqui 

ns 

toi  u.  tpui  =  (17  ns/oF)  Ci  +  565  ns 

5.0 

650 

1800 

*PLH.  tPHL  =  (0.66  ns/pF)  Cl  +  197  ns 

10 



230 

600 

*PLH'  *PHL  =  (0.5  ns/pF)  Cl  +  145  ns 

15 

— 

170 

450 

Ctn  tO  Cm  it 

ns 

tDi  u  Idui  -(17  ns/oFI  Ci  +  465  ns 

5.0 

550 

1500 

fPLHt  tpHL  =  (0.66  ns/pF)  Cl  +  187  ns 

10 

220 

600 

tpLH.  tpHL  =  (0.5  ns/pF)  Cl  +  135  ns 

15 



160 

450 

Turn-Off  Delay  Time 

tPLH 

ns 

Cin  to  S 

tpLH  =  (1.7  ns/pF)  Cl  +  715  ns 

5.0 

600 

2250 

tpLH  =  (0-66  ns/pF)  Cl  +  197  ns 

10 

350 

975 

tpLH  *  (0.5  ns/pF)  Cl  +  215  ns 

15 

240 

750 

Tum-On  Delay  Time 

tPHL 

ns 

QntoS 

•PHL  =  (1-7  ns/pF)  Cl  +  565  ns 

5.0 

650 

1600 

tpHL  =  (0.68  ns/pF)  Cl  +  197  ns 

10 

230 

600 

'PHL  =  (0-5  ns/pF)  Cl  +  145  ns 

15 

170 

450 

The  formulas  given  aro  lor  the  typical  characteristics  only  at  2S*C. 


#Dala  tabollod  "Typ"  Is  not  to  be  used  for  dosEgn  purposos  but  Is 
Intomtod  qs  an  Indication  of  the  IC's  potential  performs  nco. 


FIGURE  1  -  POWER  DISSIPATION  WAVEFORMS 


FIGURE  2  -  SWITCHING  TIME  WAVEFORMS 
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FUNCTIONAL  EQUIVALENT  LOGIC  DIAGRAM 


B3° 
A4§ 


V00  -  Pin  16 
Vss  -  Pin  B 


3^ 


FIGURE  3  -  PARALLEL  ADD/SUBTRACT  CIRCUIT 


Aifd/Subtrict- 


One  MC14560B  and  MC14S61B  permit  a 
BCD  digit  to  be  added  to  or  subtracted  from 
a  second  digit,  such  as  in  this  typical  con- 
figuration. A  second  MCI 456 IB  permits 
either  digit  to  be  added  to  or  subtracted 
from  the  other,  or  either  word  to  appear  un- 
modified at  the  output. 


TRUTH  TABLE 
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Remit 

0 

0 

D  ptut  A 

0 
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□  mlnut  A 

t 

X 
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A1 
A2 
A3 
A4 

Comp  F3 

Comp 

Z  F4 
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F? 


A1 
A? 
A3 
A4 

Comp  F3 
Comp 
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A2 
A3 
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A4 
81 
B? 
S3 

B4  Cou, 
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>  Uniti 
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SI 

A1 

A3 

S? 

A3 

A4 

S3 

B1 

BZ 

S4 

S3 
84 

cou* 
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APPLICATIONS  INFORMATION 


INTRODUCTION 

Frequently  in  small  digital  systems,  simple  decimal 
arithmetic  is  performed.  Decimal  data  enters  and 
leaves  the  system  arithmetic  unit  in  a  binary  coded 
decimal  (BCD)  format.  The  adder/subtracter  in  the 
airthmetic  unit  may  be  required  to  accept  sign  as  well 
as  magnitude,  and  generate  sign,  magnitude,  and 
overflow.  In  the  past,  it  has  been  cumbersome  to  build 
sign  and  magnitude  adder/subtracters.  Now,  using 
Motorola's  MSI  CMOS  functions,  the  MC 14560  NBCD 
Adders  and  MC14561  9's  Complementers,  NBCD 
adder/subtracters  may  be  built  economically,  with  sur- 
prisingly low  package  count  and  moderate  speed. 

Some  background  information  on  BCD  arithmetic  is 
presented  here,  followed  by  simple  circuits  for 
unsigned  adder/subtracters.  The  final  circuit  dis- 
cussed is  an  adder/subtracter  lor  signed  numbers  with 
complete  overflow  and  sign  correction  logic. 

DECIMAL  NUMBER  REPRESENTATION 

Because  logic  elements  are  binary  or  two-state  de- 
vices, decimal  digits  are  generally  represented  as  a 
group  of  bits  in  a  weighted  format.  There  are  many 
possible  binary  codes  which  can  be  used  to  represent 
a  decimal  number.  One  of  the  most  popular  codes 
using  4  binary  digits  to  represent  0  thu  9  is  Natural 
Binary  Coded  Decimal  (NBCD  or  8-4-2-1  code). 

NBCD  is  a  weighted  code.  If  a  value  of  "0"  or  "1"  is 
assigned  to  each  of  the  bit  positions,  where  the 
rightmost  position  is  2°  and  the  leftmost  is  23.  and  the 
values  are  summed  for  a  given  code,  the  result  is 
equal  to  the  decimal  digit  represented  by  the  code. 
Thus,  0110  equals  0-23  +  1-22  +  1-21  +  0-2°  =  4  + 
2  =  6.  The  1010,  1011,  1100,  1101,  1110,  and  1111 
binary  codes  are  not  used.  Because  of  these  illegal 
states,  the  addition  and  subtraction  of  NBCD  numbers 
is  more  complex  than  similar  calculations  on  straight 
binary  numbers. 

ADDITION  OF  UNSIGNED  NBCD  NUMBERS 

When  2  NBCD  digits,  A  and  B,  and  a  possible  carry, 
C,  are  added,  a  total  of  20  digit  sums  (A  +  B  +  C)  are 
possible  as  shown  in  Table  1 . 

The  binary  representations  for  the  digit  sums  10 
thru  19  are  offset  by  6,  the  number  of  unused  binary 
states,  and  are  not  correct.  An  algorithm  lor  obtaining 
the  correct  sum  is  shown  in  Figure  1.  A  conventional 
method  of  implementing  the  BCD  addition  algorithm  is 
shown  in  Figure  2(a).  The  NBCD  digits,  A  and  B,  are 
summed  by  a  4  bit  binary  full  adder.  The  resultant 
(sum  and  carry)  is  input  to  a  binary/BCD  code  con- 
verter which  generates  the  correct  BCD  code  and 
carry. 

An  NBCD  adder  block  which  performs  the  above 
function  is  available  in  a  single  CMOS  package 
(MC14560).  Figure  2(b)  shows  n  decades  cascaded 
for  addition  of  n  digit  unsigned  NBCD  numbers.  Add 
time  is  typically  0.1  +  0.2n  us  for  n  decades.  When 
the  carry  out  of  the  most  significant  decade  is  a  logical 
"1",  an  overflow  is  indicated. 


COMPLEMENT  ARITHMETIC 

Complement  arithmetic  is  used  in  NBCD  subtrac- 
tion. That  is,  the  "complement"  of  the  subtrahend  is 
added  to  the  minuend.  The  complementing  process 
amounts  to  biasing  the  subtrahend  such  that  all  possi- 
ble sums  are  positive.  Consider  the  subtraction  of  the 
NBCD  numbers,  A  and  B. 

R  =  A  -  B 

where  R  is  the  result.  Now  bias  both  sides  of  the 
equation  by  10"  -  1  where  N  is  the  number  of  digits 
in  A  and  B. 

R  +  10N  -  1  =  A  -  B  +  10N  -  1 

Rearranging, 

R  +  10N  -  1  =  A  +  (10N  -  1  -  B) 

The  term  (10N  -  1  -  B),  -B  biased  by  10N  -  1,  Is 
known  as  the  9's  complement  ol  B.  When  A>B, 
R  +  10N  -  1  >  10N  -  1 ;  thus  R  is  a  positive  number. 
To  obtain  R,  1  is  added  to  R  +  10N  -  1,  and  the  carry 
term,  10",  Is  dropped.  The  addition  of  1  is  called  End 
Around  Carry  (EAC). 

When  A  <  B,  R  +  10"  -  1  <  10"  -1,  no  EAC 
results  and  R  is  a  negative  number  biased  by 
10N  -  1;  thus  R  +  10N  -  1  is  the  9's  complement  of 
R. 

SUBTRACTION  OF  UNSIGNED  NBCD  NUMBERS 

Nine's  complement  arithmetic  requires  an  element 
to  perform  the  complementing  function.  An  NBCD  9's 
complementer  may  be  implemented  using  a  4  bit  bi- 
nary adder  and  4  inverters,  or  with  combinatorial 
logic.  The  Motorola  MC14561  9's  complementer  Is 
available  in  a  single  package.  It  has  true  and  inverted 
complement  disable,  which  allow  straight-through  or 
complement  modes  of  operation.  A  "zero"  line  forces 
the  output  to  "0".  Figure  3  shows  an  NBCD  subtracter 
block  using  the  MC 14560  and  MC14561.  Also  shown 
are  n  cascaded  blocks  for  subtraction  of  n  digit 
unsigned  numbers.  Subtract  time  is  0.6  +  0.4n  its  for 
n  stages.  Underflow  (borrow)  is  indicated  by  a  logical 
"0"  on  the  carry  output  of  the  most  significant  digit.  A 
"0"  carry  also  indicates  that  the  difference  is  a  nega- 
tive number  in  9's  complement  form.  If  the  result  is 
input  to  a  9's  complementer,  as  shown,  and  Its  mode 
controlled  by  the  carry  out  of  the  most  significant  digit, 
the  output  of  the  complementer  will  be  the  correct 
negative  magnitude.  Note  that  the  carry  out  of  the 
most  significant  digit  (MSD)  is  the  input  to  carry  In  of 
the  least  significant  digit  (LSD).  This  End  Around 
Carry  is  required  because  subtraction  is  done  in  9's 
complement  arithmetic. 

By  controlling  the  complement  and  overflow  logic 
with  an  add/subtract  line,  both  addition  and  subtrac- 
tion are  performed  using  the  basic  subtracter  blocks 
(Figure  4). 
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TABLE  1-Sum-A  +  B  +  C 


Decimal 

Correct  ad 

Binary  Sums 

Numbar 

Binary  Sums 

0000 

0 

0000 

0001 

1 

0001 

0010 

2 

0010 

0011 

3 

001 1 

0100 

4 

0100 

0101 

S 

0110 

6 

01 10 

0111 

01 1 1 

1000 

8 

1000 

1001 

9 

1001 

1010"" 

10 

0000  ♦  Carry 

1011 

11 

0001  +  Carry 

1100 

Hon  valid 

12 

0010  ♦  Carry 

1101 

'  BCD 

13 

0011  ♦  Carry 

1110 

representation 

14 

0100  ♦  Carry 

1111^ 

1S 

0101  +  Carry 

0000  +  Carry 

16 

01 10  ♦  Carry 

0001  +  Carry 

17 

01 1 1  ♦  Carry 

0010  *  Carry 

18 

1000  *  Carry 

0011  +  Carry 

19 

1001  ♦  Carry 

ADDITION  AND  SUBTRACTION  OF  SIGNED  NBCD 
NUMBERS 

Using  MC14560  NBCD  Adders  and  MC14561  9's 
Complementers,  a  sign  and  magnitude  adder/sub- 
tracter can  be  configured  (Figure  5).  Inputs  A  and  B 
are  signed  positive  (As.  Bs  =  "0")  or  negative  (As, 
Bs  =  "1 ").  B  Is  added  to  or  subtracted  Irom  A  under 
control  of  an  Add/Sub  line  (subtraction  =  "1").  The 
result,  R,  of  the  operation  is  positive  signed,  positive 
signed  with  overflow,  negative  signed,  or  negative 
signed  with  overflow.  Add/subtract  time  is  typically  0.6 
+  0.4n  ixs  for  n  decades. 

An  exclusive-OR  of  Add/Sub  line  and  Bs  produces 
B',  which  controls  the  B  complementers.  If  Bs,  the 
sign  of  B,  is  a  logical  "1"  (  B  is  negative)  and  the 
Add/Sub  line  is  a  "0"  (add  B  to  A),  then  the  output  of 
the  exclusive-OR  (Bs')  is  a  logical  "1"  and  B  is  com- 
plemented. If  Bs  =  "1"  and  Add/Sub  =  "1",  B  is  not 
complemented  since  subtracting  a  negative  number  is 
the  same  as  adding  a  positive  number.  When  Add/Sub 
is  a  "1"  and  Bs  =  "0",  Bs'  Is  a  "1"  and  B  is  comple- 
mented. The  A  complementer  is  controlled  by  the  A 
sign  bit,  As-  When  As  =  "1 ",  A  is  complemented. 


6.941- 
5.870- 


4  Bit  Binary  Adders- 


Digit  Binary  Sums- 


Binery  Sums  with 
carry  from  converters 


Code  Converters- 


Corrected  Sum 
12.811 


Units 
0001 
0000 


10010  1000  0  0  0  1 

FIGURE  4  —  Unalgned  NBCO  Addition  Algorithm 
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FIOURE  5  —  Addition  of  Unalgned  NBCD  Numbers 
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The  truth  table  and  Karnaugh  maps  for  sign,  over- 
flow, and  End  Around  Carry  are  shown  In  Figures  6 
and  7.  Note  the  use  of  Bs'  from  the  exclusive-OR  of 
Add/Sub  and  B$-  Bs'  eliminates  Add/Sub  as  a  vari- 
able in  the  truth  table.  As  an  example  of  truth  table 
generation,  consider  an  n  decade  adder/subtracter 
where  As  =  "0",  Bs  =  "1",  and  Add/Sub  =  "0".  B  is 
in  9*s  complement  form,  10M  -  1  -  B.  Thus  A  +  (10N 
-  1  -  B)  =  10"  -  1  +  (A  -  B).  There  is  no  carry 
when  A«B,  and  the  sign  is  negative  (sign  =  "1"). 
When  As  and  Bs  are  opposite  states  and  Add/Sub  is 
a  "0"  (add  mode),  no  overflow  can  occur  (overflow 
=  "0").  The  other  output  states  are  determined  in  a 
similar  manner  (see  Figure  6). 

From  the  Karnaugh  maps  it  is  apparent  that  End 
Around  Carry  is  composed  of  the  two  symmetrical 
functions  S2  and  S3  of  three  variables  with  As  Bs' 
Cout  as  the  center  of  symmetry.  This  is  the  definition 
of  the  majority  logic  function  M3(ABC).  Similarly  the 
Sign  is  composed  of  the  symmetrical  functions  S2(3) 
and  S3(3)  but  with  the  center  of  symmetry  translated 


to  AsBg'  C0ut'  This  is  equivalent  to  the  majority 
function  M3(ASBS'  Cout).  Further  evaluation  of  the 
maps  and  truth  table  reveal  that  Overflow  can  be 
generated  by  the  exclusive-OR  function  of  End 
Around  Carry  and  Carry  Out.  This  analysis  results  in 
a  minimum  device  count  consisting  of  one  exclusive- 
OR  package  and  one  dual  Majority  Logic  package  to 
Implement- Bs',  EAC,  Sign  and  Overflow.  The  logic 
connections  of  these  devices  are  shown  in  Figure  5. 

The  output  sign,  Rs.  complements  the  result  of 
the  add/subtract  operation  when  Rs  =  "1".  This  is 
required  because  the  adder  performs  9's  comple- 
ment arithmetic.  Complementing,  when  Rs  indicates 
the  result  is  negative,  restores  sign  and  magnitude 
convention. 

Several  variations  of  the  adder/subtracter  are  pos- 
sible. For  example,  9's  complement  Is  available  at 
the  output  ol  the  NBCD  adders,  and  output 
complementers  are  eliminated  if  sign  and  magnitude 
output  is  not  required. 
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•C„  ♦  1 


A1 

A2    A3  A4 

c 

c 

MC145S1 

z 

F1 

F2    F3  F4 

JTT7 


A1  B1 

i__t 


R2 
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SUMMARY 

The  concepts  of  binary  code  representations  for 
decimal  numbers,  addition,  and  complement  sub- 
traction were  discussed  in  detail.  Using  the  basic 
Adder  and  Complementer  MSI  blocks,  adder/sub- 
tracters for  both  signed  and  unsigned  numbers  were 
illustrated  with  examples. 
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INPUTS 

Arithmetic  Exproaefon 
for  R"  (Result) 

(N  =  Number  of  Digits, 
10N  =  Modulus 
A,  B,  R  are  Positive 
Magnitudes) 

OUTPUTS 

"1"  -  Nsg 

Com 
"I"  »  Carry 

End  Around  Carry  (EAC) 
"1"-  EAC 

Sign  of  R 
"1"  -  Negative 

Overflow 
"1"  =  Overflow 

0 

0 

0 

R  »  A  ♦  B 

No  EAC  ("0")  beeauto  R  is 
correct  result. 

Since  A  and  B  are  positive 
signed,  R  is  positive  signod 
("0"). 

When  Cout  -  "0'  .  there  is  no  carry 
(R  <  10/*1)  and  thus  no  overflow 
("0"). 

0 

0 

t 

When  Cout  •  '•!*■_  there  is  a  carry 
CR  >  10N1  and  thus  overflow 

0 

l 

0 

R  *  A  -  B 

=  A  ♦  I10N  -  1  -  Bl 
-  A  -  B  *  10N  -  1 

No  EAC  ("0")  because  9's 
complement  expression  for 
R  is  correct  result. 

A  <  B  when  Cout  -  "0"; 
thus  sign  of  q  must  be 
negative  ("1"l. 

There  is  never  an  overflow  when 
numbers  of  opposite  sign  are  added 
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-  B  -  A  ♦  10N  -  1 

No  EAC  ("0")  because  9's 
complement  expression  (or 
R  is  correct  result. 

B  <  A  when  Coul  =  "0": 
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FIGURE  9  —  Truth  Table  Generation  for  EAC.  Sign,  and  Overflow  Logic 
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FIGURE  10  —  Mapping  of  EAC,  Sign  and  Overflow  Logic 
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9's  COMPLEMENTER 


The  MC14561B  9's  complementer  is  a  companion  to  the 
MC14560B  NBCD  adder  to  allow  BCD  subtraction.  A  BCD  number 
(8-4-2-1  codel  is  applied  to  the  inputs  (Al  =  2°.  A2  =  2'.  A3  =  22, 
A4  =  23).  If  the  complement  control  (Comp)  is  low.  the  BCD  number 
appears  at  the  outputs  unmodified.  The  complement  disable  (Compl 
allows  the  complement  control  to  be  gated,  or  an  inverted  control 
signal  to  be  used.  If  the  complement  input  is  high  and  the  disable 
input  low,  the  9's  complement  of  the  number  is  displayed  at  the 
outputs.  The  zero  control  (Zl,  when  high,  forces  the  outputs  low 
regardless  of  the  state  of  the  other  inputs. 

When  the  MC14561B  is  used  to  perform  BCD  subtraction  in  con- 
junction with  the  MC14560B  NBCD  adder,  the  complement  control 
becomes  an  add/subtract  control. 

•  All  Inputs  Buffered 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads  or  One  Low-Power 
Schotlky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS"  (Voltages  Referenced  to  Vgs) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  10  ♦  18  0 

V 

Virv  ^out 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  lo  Vdd  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

-  10 

mA 

Po 

Powor  Dissipation,  por  Packaget 

500 

mW 

TSlQ 

Storage  Temperature 

-65  lo  i  150 

•c 

Lead  Tomperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Rahngs  are  Ihoso  values  beyond  which  damage  to  Ihe  device  may  occur. 
tTemporaluro  Derating:  Plastic  "P"  Package:  -  12mW/*C  from  65eC  to  85*0 

Ceramic  ,,L"  Package:  -  l2mW/°C  from  100°C  lo  125'C 


CMOS  SSI 


(LOW-POWER  COMPLEMENTARY  MOSI 


9's  COMPLEMENTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  632 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  646 


ORDERING  INFORMATION 

A  Series:  -  55'C  to  +  125°C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40'Cto  +  85'C 
MC14XXXBCP  (Plastic  Packago) 
MC14XXXBCL  (Ceramic  Packago) 


PIN  ASSIGNMENT 


NC  =  No  Connection 


TRUTH  TABLE 


z 

Comp 

Comp 

F1 

F2 

F3 

F4 

Mode 

0 

0 

0 

At 

A2 

A3 

A4 

Straight  through 

0 

0 

1 

0 

1 

1 

0 

1 

0 

Al 

A2 

A2A3  ♦  A2A3 

A2A3A4 

Complement 

i 

X 

X 

0 

0 

0 

0 

Zero 

X  -  Oon't  Car*. 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  lo  high  static 
voltages  or  electric  tields.  However,  precau- 
tions must  be  taken  to  avoid  applications  ol 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  Vjn  and  VOU|  should  be 
constrained  to  the  range  Vgs  «■  (Vjn  or 
V0ut)  «  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vgs 
or  Vdd).  Unused  outputs  must  be  left  open. 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


Vdo 

TlcV 

25*C 

Tn| 

ah* 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Unit 

Output  Voltage 

"0"  Level 

vol 

5.0 



0.05 



0 

0.05 

— 

0.05 

Vdc 

V|n  -  Vdd  w  0 

10 



0.05 



0 

0.05 

— 

0.05 

15 



0.05 



0 

0.05 

0.05 

"1"  Level 

voh 

50 

4.95 

4.95 

5.0 

4.95 



Vdc 

Vin  =  OorVDD 

10 

9.95 



9.95 

10 



9.95 

— 

15 

14.95 



14.95 

15 



14.95 

— 

Input  Voltage 

"0"  Level 

VlL 

Vdc 

(Vo  -  4.5  or  0.5  Vdc) 

5.0 

1.5 

2.25 

1.5 

— 

1.5 

(Vo  =  9.0  or  1.0  Vdc) 

10 

3.0 

4.50 

3.0 

— 

3.0 

(Vo  -  13.5  or  1.5  Vdc) 

15 



4.0 



6.75 

4.0 

— 

4.0 

"1"  Level 

VlH 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3.5 

3.5 

2.75 

3.5 

— 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 



7.0 

5.50 



7.0 

— 

(Vo  -  1.5  or  13.5  Vdc) 

15 

11.0 



11.0 

825 



11.0 

— 

Output  Drive  Current  (AL  Device) 

ton 

mAdc 

(Vqh  =  2.5  Vdc) 

Source 

5.0 

-3.0 

—2.4 

—4.2 

-1.7 

— 

(Vqh  =  4.6  Vdc) 

5.0 

"0.64 

-0.51 

-0.88 

-0.36 

(Voh  =  9.5  Vdc) 

10 

-1.6 

-1.3 

-2.25 

-0.9 

— 

(Voh  -  13  5  Vdc) 

15 

-4.2 



-3.4 

-8.8 

_ 

-24 

— 

(Vol  =  0.4  vdc) 

Sink 

5.0 

0.64 

0.51 

0  68 

0.36 



mAdc 

(Vol  =  0.5  vdc) 

10 

1.6 

— 

1.3 

2.25 

_ 

0.9 

— 

(Vol  =  is  voe) 

IS 

42 

— 

3.4 

8.8 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

'oh 

mAdc 

(V0H  =  2.5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

—  1  7 

(Voh  =  4.6  vdc) 

5.0 

—0.88 

-0.36 

_ 

(Voh  =  9.5  vdc) 

10 

-1.3 

-1.1 

-2.25 

-0.9 



(Voh  =  13.5  Vdc) 

15 

-3.6 



-3.0 

-8.8 

_ 

-2.4 

— 

(Vol  =  0.4  vdc) 

Sink 

•OL 

5.0 

0.52 

0.44 

0.88 

0.36 



mAdc 

(vol  -  0.5  vdc) 

10 

1.3 

1.1 

2.25 

0.9 

(Vol  =  1.5  vdc) 

15 

3.6 



3.0 

8.8 

_ 

2.4 

— 

Input  Current  (AL  Device) 

<in 

15 

±0.1 

±0.00001 

±0.1 



±1.0 

pAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

±0.3 

±0.00001 

±0.3 

±1.0 

pAdc 

Input  Capacitance 

Pn 



_ 

5.0 

7.5 

— 

PF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

IDD 

5.0 

5.0 

0.005 

5.0 

— 

150 

pAdc 

(Per  Package) 

10 

10 

0.010 

10 

— 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

'DO 

5.0 

20 

0.005 

20 

150 

jiAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

so 

0.015 

80 

600 

Total  Supply  Current"t 

it 

5.0 

IT  =  (1.5(iA/kHz)l  +  lDD 

fiAdc 

(Dynamic  plus  Quiescent, 

10 

IT  -  (3.0  pA/kHz)  1  +  Iqd 

Per  Package) 

15 

IT  =  (4.5pA(kH2)l  +  lDD 

(Cl  -  50  pF  on  all  outputs, 

aD  buffers  switching) 

"Tfow  "  -  56*c  to  *•*  Oovlco,  -  40*C  (or  CL/CP  Dovlco. 


'htgh 


■  +  126*C  for  AL  Oovlco.  +S5*C  tor  CL/CP  Dovlco. 


#Data  tabettod  "Typ"  is  not  to  bo  usod  (or  design  purposes  but  Is 
Intended  as  on  Indication  of  tho  tC'a  potonttol  performance. 


"Tho  formulas  given  are  for  tho  typical  characteristics  only  at  2S*C. 
tTo  calculate  total  supply  curront  at  leads  ether  than  50  pF: 

■tW  -  Mso  pp)  +  (Cl  -so)  vfk 

where:  lj  Is  In  -*A  (per  package),  CL  In  pF,  V  -  (Vqq  -  Vgs)  In  votts, 
f  In  kHz  Is  Input  frequency,  and  k  -  0.004. 
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SWITCHING  CHARACTERISTICS'    (CL-  S0pF,TA  -  2S°C) 


Charactariatic 

Symbol 

V00 

Mln 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Time 

'TLH. 

nt 

tjLH'  <THL  -  C-5  na/pF)  CL  +  25  na 

'THL 

5.0 

too 

200 

*TLH.  <THL  *  (°-75  na/pF)  Cl  +  12.5  Its 

10 

50 

100 

tfLH.  tTHL  -  (oss  na/pF)  C|.  +  9.5  na 

15 

40 

eo 

Propagation  Delay  Tima 

tpLH.  <PHL  "        ni/pF)  Cl  +  315  m 
tPLH*  'PHL  "  W-68  "i/pPI  Cl  +  127  ni 
'PUH.  'PHL  "  10.5  ni/pF)  Cl  ♦  SS  nt 

tPLH, 
•PHL 

5.0 
10 
15 

400 
160 
120 

1000 
400 
300 

m 

*Tho  formulas  given  are  (or  tho  typical  characteristics  only  at  25'C. 


#Oata  tabollod  "Typ"  Is  not  to  bo  used  (or  design  purposes  but  Is 
intended  at  an  Indication  o(  the  IC's  potential  performance. 


FIGURE  1  -  SWITCHING  TIME  WAVEFORMS 
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LOGIC  DIAGRAM 


5  H> 


TRUTH  TABLE  -  COMPLEMENT  MODE 
(Z  ■  0,  Camp  =  1,  Camp  ■  0) 


Input 

3 

B 

3 

0 

_s 
H 

Inputt 
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11 

Outputt 

Oui 

i* 

Oui 

A4 

A3 

A2 

Al 

F4 

F3 

F2 

F1 

a 

a 

0 

a 

0 

9 

1 

0 

0 

1 

i 

0 

0 

0 

1 

8 

1 

0 

0 

0 

2 

a 

0 

i 

0 

7 

0 

1 

1 

1 

3 

a 

0 

1 

1 

6 

a 

1 

1 

a 

4 

a 

1 

a 

a 

5 

0 

1 

0 

i 

S 
6 

a 

0 

1 
1 

a 
i 

i 

0 

4 

3 

0 
0 

1 
0 

a 
i 

0 

i 

7 

a 

1 

i 

i 

2 

0 

0 

i 

0 

8 

0 

a 

a 

1 

0 

0 

0 

i 

9 

0 

0 

i 

0 

0 

a 

0 

0 

lll»S«l 

10 

0 

1 

0 

7 

0 

i 

i 

i 

BCD 

11 

0 

1 

i 

6 

0 

i 

1 

0 

Input 

12 

1 

0 

0 

S 

a 

i 

0 

1 

CoaKi 

13 

1 

0 

i 

4 

a 

i 

a 

0 

14 

1 

i 

0 

3 

a 

0 

i 

1 

16 

1 

1 

1 

2 

0 

0 

i 

a 
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TYPICAL  APPLICATIONS 


One  MC14560BandoneMC14561B  permit  a  BCD  digit 
to  be  added  to  or  subtracted  from  a  second  digit,  such  as 
in  the  typical  configurations  in  Figures  2  and  3.  A  second 
MC14561B  permits  either  digit  to  be  added  to  or  subtract- 
ed from  the  other,  or  either  word  to  appear  unmodified 
at  the  output. 


FIGURE  2 -PARALLEL  ADD/SUBTRACT  CIRCUIT  (10'tCOMPLEMENTI 


Add/Subtract- 


TRUTH  TABLE 


Zero 

Add/Subtract 

Row  It 

0 

0 

B  plUB  A 

0 

1 

D  minus  A 

t 

X 

B 

Comp 
Z  F4 


MC14661B 


F2 


At 
A2 
A3 
A4 

Comp  F3 

Comp 

Z  F4 


SI 

Al 

A2 

S2 

A3 

A4 

S3 

81 

ez 

S4 

B3 

Cout 

Cln 

SI 

At 

A2 

S2 

A3 

A4 

S3 

Bt 

B2 

S4 

B3 

cool 

B4 

\  Tont 


X  -  Don't  Car* 
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FIGURE  3 -SERIAL  ADD/SUBTRACT  CIRCUIT 


MC 1456  IB 

-  A1  F1 

-  A2 

-  A3  F2 

-  A4 

-  Camp  F  3 
C  Comp 


F4 


Typt  O 

Flip-Flap 


A1 

A2  S3 
A3 

A4  S3 
B1 

B3  S4 

S3 

B4  cOut 


>  R«tult 


6-446 


MOTOROLA 


128-BIT  STATIC  SHIFT  REGISTER 

The  MC14562B  is  a  128-bit  static  shift  register  constructed  with 
MOS  P-channel  and  N-channel  enhancement  mode  devices  in  a  single 
monolithic  structure.  Data  is  clocked  in  and  out  of  the  shift  register 
on  the  positive  cdje  of  the  clock  input.  Data  outputs  are  available 
every  16  bits,  from  16  through  bit  128.  This  complementary  MOS 
shift  register  is  primarily  used  where  low  power  dissipation  and/or 
high  noise  immunity  is  desired. 

•  Diode  Protection  on  All  Inputs 

•  Fully  Static  Operation 

•  Cascadablc  to  Provide  Longer  Shift  Register  Lengths 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  ol  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS'  (Voltages  Reloronced  10  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  lo  +  18.0 

V 

V|„.  vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vqd  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

i  10 

mA 

PD 

Power  Dissipation,  per  Packagof 

500 

mW 

T»tq 

Storage  Temperature 

-65  to  +150 

•c 

TL 

Load  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  aro  those  values  beyond  which  damage  to  tho  device  may  occur. 
tTomporature  Derating:  Plastic  "P"  Package:  -  12mW/*C  from  65SC  to  85*C 

Ceramic  "L"  Package:  -12mW/'C  from  100'C  to  125'C 


LOGIC  DIAGRAM 


MC14562B 


CMOS  LSI 

(LOW-POWER  COMPLEMENTARY  MOS) 

128-BIT  STATIC  SHIFT 
REGISTER. 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  632 


P  SUFFIX 

PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series:  -  55*C  lo  +  I25X 
MC14XXXBAL  (Ceramic  Package  Only) 

CSeiies:  -40*Clo  +85'C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 


Q16 

Q32 

DbIb 

Q4a 

QW 

Q80 

Q96 

Clock 

Q1 12 

Q128 

1 

-OIQ 
-0  13 
-O  3 
-O  1 
-=8 
-0  2 
-OB 

-a  a 


vss 


Pin  14 

Pin  7 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  lo  Vss) 


Vnn 

Tie 

tw* 

25*C 

Thl 

ah' 

Characteristic 

Symbol 

Vdc 

Kin 

Max 

Mln 

Typ# 

Mai 

Mln 

Max 

Unit 

Output  Voltage 

"0"  Level 

VOL 

5.0 

0.05 

— 

0 

0.05 

~ 

0.05 

Vdc 

Vin  =  Vnn  or  0 

10 

0.05 

— 

0 

0.05 

0.05 

15 

0.05 

— 

0 

0.05 

0.05 

"1"  Level 

voh 

5.0 

4.95 

— 

4.95 

5.0 

— 

4.95 

— 

Vdc 

Vin  =  0  or  Vqd 

10 

9.95 

9.95 

10 

— 

9.95 

15 

14.95 

14.95 

15 

— 

14.95 

Input  Voltage 

"0"  Level 

V|L 

Vdc 

(Vo  =  4.5  or  0.5  Vdc) 

5.0 

— 

1.5 

_ 

2.25 

1.5 

—  " 

1.5 

(Vo  -  9.0  or  1.0  Vdc) 

10 

— 

3.0 

— 

4.50 

3.0 

— 

3.0 

(Vo  =  13.5  or  1.5  Vdc) 

15 

4.0 

— 

6.75 

4.0 

~ 

4.0 

"1"  Level 

VlH 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3.5 

— 

3.5 

2.75 

— 

3.5 

— 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

— 

7.0 

(Vo  =  1.5  or  13.5  Vdc) 

15 

11.0 

11.0 

6.25 

— 

11.0 

Output  Drive  Current  (AL  Device) 

lOH 

mAdc 

(Voh  =  2-5  Vdc) 

Source 

5.0 

-3.0 

— 

-2.4 

-4.2 



-1.7 

— 

(Voh  -  4-6  Vdc) 

5.0 

-0.64 

— 

-0.51 

-0.08 

— 

-0.36 

— 

(Voh  =  9.5  Vdc) 

10 

-1.6 

-1.3 

-2.25 

— 

-0.9 

(Vqh  - 135  vdc) 

15 

-4.2 

-3.4 

-8.8 

— 

-2.4 

(Vol  =  0.4  vdc) 

Sink 

lOL 

5.0 

0.64 

— 

0.51 

0.88 

- 

0.36 

— 

mAdc 

(Vol  =  o.s  vdc) 

10 

1.6 

1.3 

2.25 

0.9 

(Vql=  15  Vdc) 

15 

42 

3.4 

8.8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

lOH 

mAdc 

(Voh  =  2-5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

-1.7 

— 

(Voh  -  *6  vdc) 

5.0 

-0.52 

— 

-0.44 

-0.88 

- 

-0.36 

— 

(v0h  =  9.5  Vdc) 

10 

-1.3 

— 

-1.1 

-2.25 

— 

-0.9 

— 

(Voh  =  13.5  vdc) 

15 

—3  6 

-3.0 

-8.8 

— 

—  24 

(Vol  =  0.4  Vdc) 

Sink 

lOL 

5.0 

0.52 

— 

0.44 

0.88 



0.36 

— 

mAdc 

(Vol  -  o.s  vdc) 

10 

1.3 

— 

1.1 

2.25 

— 

0.9 

— 

(Vol  =i-5  vdc) 

15 

3.6 

3.0 

8.8 

— 

2  4 

Input  Current  (AL  Device) 

■in 

15 

— 

±0.1 

±0.00001 

±0.1 

— 

±1.0 

MAdc 

Input  Current  (CL/CP  Device) 

■in 

15 

— 

±0.3 

±0.00001 

±0.3 

— 

±1.0 

uAde 

Input  Capacitance 

Cin 

5.0 

7.5 

pF 

(Vin  =  0) 

Quiescent  Current  (AL  Device) 

>DD 

5.0 

5.0 

0.010 

5.0 

150 

(iAdc 

(Per  Package) 

10 

10 

0.020 

10 

15 

20 

0.030 

20 

600 

Quiescent  Current  (CL/CP  Device) 

iDD 

5.0 

50 

0.010 

50 

375 

MAdc 

(Per  Package) 

10 

too 

0.020 

100 

750 

15 

200 

0.030 

200 

1500 

Total  Supply  Current"t 

rr 

5.0 

IT  =  (1.94(iA/kHz)l  +  IDD 

iiAdc 

(Dynamic  plus  QuiescenL 

10 

IT  =  (3.81  fiA/kHz)  f  +  IDD 

Per  Package) 

15 

Ij  =  (5.52  pA/kHz)  f 

+  IDD 

(Cl  =  50  pF  on  all  outputs. 

all  buffers  switching) 

'Tl<m  -  ~  55'c  tor  AL  Dovlco,  -  40*c  tor  CL/CP  Dovtco. 
Thigh  -  + 1  i*5*0  '<"  AL  Dovleo.  +  BS'C  lor  CL/CP  Dovlco. 

#Data  lobotlod  "Typ"  Is  not  to  bo  usod  for  design  purposes  but  Is 
Entonded  as  an  Indication  ot  the  IC's  potential  porformenco. 

**Tho  formulas  gtvon  aro  (or  tho  typical  characteristics  onty  at  2S*C. 

tTo  calculate  total  supply  curront  at  loads  othor  than  SO  pF: 

IrKV  "  WSO  pF)  +  (CL  -SO)  Vlk 

where:  l-y  Is  In  |iA  (por  paekogo).  C(_  [n  pF,  V  -  tVnn  -  Vgg)  in  volts, 
f  In  kHz  is  input  trequoncy,  and  k  -  0.004. 


PIN  ASSIGNMENT 

•\s- 


NC  =  No  Connection 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-Imped- 
ance circuit.  For  proper  operation,  Vm  and  Vout  should  be  constrained  to  the  range  Vss  *  (vln  or  Voul)  «  Vqq. 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD>-  Unused  outputs  must  be 
left  open. 
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SWITCHING  CHARACTERISTICS*    (CL  -  50  pF.  TA  -  2S°CI 


Characteristic 

Symbol 

VDD 

Mln 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Time 

<tlh. 

ns 

lTLH.  *THL  -  (1-5  ns/pF)  CL  +  25  ns 

'THL 

5.0 

- 

100 

200 

tjLH-  *THL  **  (0-75  ns/pF(  Cl  +  12.5  ns 

10 

50 

100 

•TLH"  *THL  m  (0-55  ns/pF)  C|_  +  9.5  ns 

15 

40 

80 

Propagation  Delay  Time 

<PLH, 

ns 

Clock  to  Q 

<PHL 

tPLH,  *PHL  '  "*7  nt/pF)  Cl  +  515  ns 

5.0 

600 

1200 

tpm  tpm_  "  (0.66  ns/pFI  C|_  ♦  217  ns 

10 

250 

500 

toi  u  tDui  "(OSns/oFICi  +  14S  ns 

15 

170 

340 

Clock  Pulse  Width 

•WH 

5.0 

600 

300 

_ 

ns 

iou»  uuty  uycisi 

15 

150 

75 

Clock  Pulse  Frequency 

•cl 

5.0 

1.9 

1.1 

MHz 

10 

5  6 

3  0 

15 

8.0 

4.0 

 <  

Data  to  Clock  Setup  Time 

tlull) 

5.0 

-20 

-170 

ns 

10 

-10 

-64 

15 

0 

-60 

'tulOI 

5.0 

-20 

-91 

ns 

10 

-10 

-58 

15 

0 

-48 

Data  to  Clock  Hold  Time 

•Ml) 

5.0 

350 

263 

ns 

10 

165 

109 

15 

155 

100 

'h(O) 

5.0 

350 

267 

ns 

10 

200 

140 

15 

140 

93 

Clock  Input  Rfso  and  Fall  Times 

'r.  '1 

5.0 

15 

10 

5 

15 

4 

"Tho  formulas  givon  are  for  tho  typical  characteristics  anly  at  25*C.  #Data  laballod  "Typ"  la  not  to  bo  usod  for  design  purposes  but  is 

fntondod  as  an  Indication  of  tho  IC's  potential  performance 


FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORMS 
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TIMING  DIAGRAM 


Pin 

Not    (— Pulial— | 


r-Pul<*  16-J 


\-Pu\m  128-1 


016  10 


r 


J — v 


AC  TEST  WAVEFORMS 


«WH 


— \      I  «h(0) 


—J         I    1    I  'TH 


vSs 

'THL 


Not*:  Tha  remaining  Oata-Bit  Output!  (Q32.  Q48.  Q64,  Q80,  Q9B,  QU2and  Q128]  will  occur  at 
Clock  Pulse  32.  48.  64,  80.  38.  1 12,  128  in  Iha  una  r.l.tiomrdp  at  Q16 
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INDUSTRIAL  TIME  BASE  GENERATOR 

The  MCI  4566B  industrial  time  base  generator  is  constructed 
with  MOS  P-channel  and  N-channel  enhancement  mode  devices 
in  a  single  monolithic  structure.  This  device  consists  of  a  divide- 
by- 10  ripple  counter  and  a  divide-by-5  or  divide-by-6  ripple 
counter  to  permit  stable  time  generation  from  a  50  or  60  Hz  line. 
By  cascading  this  device  as  divide-by-60  counters,  seconds  and 
minutes  can  be  counted  and  are  available  in  BCD  format  at  the 
circuit  outputs.  An  internal  monostable  multivibrator  is  included 
whose  output  can  be  used  as  a  reset  or  clock  pulse  providing  ad- 
ditional frequency  flexibility.  Also  a  pin  has  been  included  to 
allow  divide-by-5  counting  for  generating  1 .0  Hz  from  European 
50  Hz  line.  Pin  1 1  =  Vprj  will  cause  -i-5. 

•  Negative  Edge  Triggered  Counters  for  Ease  of  Cascading 

•  Pulse  Shapers  on  Counter  Inputs  Accept  Slow  Input  Rise  Times 

•  Monostable  Multivibrator  Positive  or  Negative  Edge  Triggered 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schotlky  TTL  Load  Over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Vollagea  Relerencod  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  to  +  18.0 

V 

vln.  voul 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  VDD  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±  10 

mA 

Pd 

Power  Dissipation,  per  Packaget 

500 

mW 

TS10 

Storage  Temperature 

-  65  to  +  1 50 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  ihose  values  beyond  which  damage  to  Iho  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Package:  -12mW/*C  from  65*C  to  85'C 

Ceramic  "L"  Package:  -12mW/'C  from  100*C  to  125*C 


BLOCK  DIAGRAM 


MC14566B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOS) 

INDUSTRIAL 
TIME  BASE  GENERATOR 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE        PLASTIC  PACKAGE 
CASE  620  CASE  648 


ORDERING  INFORMATION 

A  Sories.  -55*Cto  +  12S*C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -  40*C  1o  +  85*C 
MC14XXXBCP  (Plastic  Packago) 
MCI  4XXXBCL  (Ceramic  Packago) 


PIN  ASSIGNMENT 

cA 

=,16 

2  r= 

Reset 

cB 

— i  15 

Q0A 

Q2p, 

=314 

4  C= 

°-lA 

Q1B 

=)  13 

5  (= 

°2A 

0-0(3 

=112 

e  r= 

Q3fl 

+  5/-i-6 

=111 

B 

Qm 

=J  10 

8  t= 

vSs 

A 

=19 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  lo  Vss) 


¥DD 

flow' 

25*C 

Thl 

ph" 

syntDOi 

Vdc 

Mln 

Wax 

Mln 

Typ# 

Mai 

Min 

Max 

Unit 

Output  Voltage 

"0"  Level 

vol 

5.0 



0.05 



0 

0.05 

— 

0.05 

Vdc 

V,n  -  Vqd  or  0 

10 

— 

0.05 

— 

0 

0.05 

— 

0.05 

15 

— 

0.05 

— 

0 

0.05 

0  05 

"1"  Level 

voh 

5.0 

4.95 

4.95 

5.0 

4.95 

— 

Vdc 

Vjn  =  OorVuo 

10 

9.95 



9.95 

10 

_ 

9.95 

— 

15 

14.95 

— 

14.95 

15 

— 

14.95 

— 

Input  Voltage 

"0"  Level 

V|L 

Vdc 

(Vo  =  4.5  or  0.5  Vdc) 

5.0 

1.5 

2.25 

1.5 

— 

1.5 

(Vo  -  9.0  or  1.0  Vdc) 

10 

3.0 

4.50 

3.0 

— 

3.0 

(Vo  -  l3.5or1.5V<ic) 

15 



4.0 



6.75 

4.0 

— 

4.0 

"1-  Level 

VlH 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3.5 

3.5 

2.75 

3.5 

— 

(Vo  -  1.0  or  9.0  Vdc) 

10 

7.0 



7.0 

5.50 

_ 

7.0 

— 

(Vo  =  1.5  or  135  Vdc) 

15 

11.0 

— 

11.0 

8.25 

— 

11.0 

— 

Output  Drive  Current  (AL  Device) 

tOH 

mAdc 

(VoH  =  2-5  Vdc) 

Source 

5.0 

—  3.0 

—2  4 

—4.2 

-1.7 

— 

(Voh  -  4.6  Vdc) 

5.0 

-0.64 

-0.51 

-0.88 

-0.36 

— 

(V0H  =  9.5  Vdc) 

10 

-1.6 



-1.3 

-2.25 



-0.9 

— 

(VOH  -  13.5  Vdc) 

15 

-4.2 

— 

-3.4 

-8.8 

— 

-2.4 

— 

(VOL  -  0.4  Vdc) 

Sink 

lOL 

5.0 

0.64 

0.51 

0.88 

0.36 

— 

mAdc 

(Vol  -  0.5  vdc) 

10 

1.6 

_ 

1.3 

2.25 

_ 

0.9 

— 

(Vol  -  1.5  vdc) 

15 

4.2 

— 

3.4 

8.6 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

lOH 

mAdc 

(VOH  -  2.5  Vdc) 

Source 

5.0 

-2.5 

-2.1 

-4.2 

— 1.7 

(Voh  -  4.6  Vdc) 

5.0 

—0  52 

—0  44 

—0  88 

-0.36 



(Voh  =  9.5  Vdc) 

10 

-1.3 

-1.1 

-2.25 

-0.9 

— 

(Voh  - 13.5  vdc) 

15 

-3.6 



-3.0 

-8.8 



-2.4 

— 

(Vol  -  0-4  vdc) 

Sink 

k)L 

5.0 

0.52 

0.88 

0.36 



mAdc 

(Vol  -  0.5  vdc) 

10 

1.3 

1.1 

2.25 

0.9 

— 

(Vol  -  i-s  vdc) 

15 

3.6 



3.0 

8.8 



2.4 

— 

Input  Current  (AL  Device) 

lln 

15 

**0  1 

-0  1 



±1.0 

pAdc 

Input  Current  (CL/CP  Device) 

Ifn 

•in 

15 

±0.3 

±0.00001 

±0.3 

±1.0 

uAdc 

Input  Capacitance 

Mn 



— 

5.0 

7.5 

pF 

(Vin  -  0) 

Quiescent  Current  (AL  Device) 

iOO 

5.0 

5.0 

0.005 

5.0 

— 

150 

pAdc 

(Per  Package) 

10 

10 

0.010 

10 

.  — 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

IDD 

5.0 

20 

0.005 

20 

150 

ftAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

B0 

0.015 

80 

600 

Total  Supply  Curreffl"t 

h- 

5.0 

IT  =  (1.0(iA/VHz)l  +  l0D 

fiAdc 

(Dynamic  plus  Quiescent, 

10 

IT  -  (2.0mA*H2)I  +  Irjrj 

Per  Package) 

15 

IT  -  (3.0  (lAAHz)  1  +  IQD 

(Cl  °  50  pF  on  all  outputs. 

ail  buffers  switching) 

"Tlow"  -  55*C  for  AL  Oovtco.  -«0*C  for  CL/CP  Device.  fTo  calculate  total  supply  curront  at  loads  othor  than  50  pF: 

Thigti  *  + 1 zs'c  for  AL  Oovtco.  +  05*C  for  CL/CP  Dovlco. 

h"<cL>  -  'T<50PH  ♦  (Cl  -50)  Vfk 

#Data  loboilod  "Typ"  is  not  to  bo  usod  for  design  purpoaos  but  is 
Entondod  as  an  Indication  of  tho  tC's  potontlal  porformanco.  whoro:  lT  is  In  *A  (por  peckago),  Cl  In  pF.  V  -  (Vprj  -  Vss)  [n  volts. 

I  in  kHz  Is  Input  froquoncy.  ond  k  -  0.O01 . 

•'Tho  formulas  given  aro  for  tho  typical  characteristics  only  at  25'C. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high-Imped- 
ance circuit.  For  proper  operation,  Vin  and  Vou,  should  be  constrained  to  the  range  Vss  *  (vin  or  vout>  <  VDD 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD>-  Unused  outputs  must  be 
left  open. 
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SWITCHING  CHARACTERISTICS'   (CL  -  50  pF,  TA  -  2S°C) 


Chsricttf  iitie 

Symbol 

V0D 

Min 

Typ# 

Max 

Unit 

Output  Rtso  and  Fall  Tfms 

•TLH1 

ns 

'TLH.  'THL  "  <1s  ns/pF)  Cl  +  25  ns 

'THL 

5.0 

100 

200 

'TLH'  'THL  "  l°-75  ns/pF)  C(.  +  18.5  ns 

10 

- 

50 

100 

•TLH-  'THL  "  (°  55  "S'PF)  Cl  +  9-5  ns 

IS 

- 

'40 

80 

Propagation  Delay  Timo,  Clock  to  Q3a 

'PLH 

ns 

'PLH,  tPHL  *        nt/pF)  Cl  +  1365  nt 

'PHL 

5.0 

_ 

1450 

4500 

<PLH,  <PHL  "  '0.66  m/pFl  Cl  +  497  ns 

10 

- 

530 

1500 

'PLH,  'PHL  "  10-S  n«/pF)  Cl  +  296  ns 

15 

- 

320 

1000 

Propagation  Delay  Time,  Reset  to  0.3a 

'PHL 

ns 

lPHL  "  "•7  ni/pFl  Cl  +  845  ni 

5.0 

_ 

930 

3000 

•PHL  "  <°-68  na/pFI  Cl  +  282  nt 

10 

- 

315 

1000 

•PHL  '  ,0-5  n'PFl  Cl  ♦  186  ns 

15 

- 

210 

750 

Clock  Pulse  Width 

'WH(cl) 

ns 

5.0 

1200 

400 

_ 

10 

400 

125 

- 

15 

270 

SO 

- 

Reset  Pulse  Width 

*WH{R) 

ns 

5.0 

1200 

400 

10 

400 

125 

- 

15 

270 

SO 

Clock  Pulse  Frequency 

l-i 
cl 

MHz 

5.0 

_ 

1.0 

0.3 

10 

2.5 

1.0 

15 

4.2 

1.5 

Clock  Pulse  Rite  end  Fall  Time 

TLH, 

'THL 

5.0 

10 

No  Limit 

15 

Moncttable  Multivibrator  Pulse  Width 

'WHlOml 

ns 

5.0 

1200 

2800 

10 

400 

300 

15 

300 

600 

•Trio  formulas  glvon  aro  lor  the  typical  characteristics  only  at  25*C.  #Data  labelled  "Typ"  Is  not  to  bo  usod  for  design  purposes  but  is 

Intended  as  an  indication  ol  tho  ICS  potential  performance. 


FIGURE  1  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORM 


Pulw 
Generator 
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FIGURE  2  —  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


Programmable 
Generator 


QOA 

cB 

H«nt 

+  5/+6 

o>a 

<"a 

Q3A 

Q0B 

«"B 
<»B 

Control 

e 

A 

11. 


Note:  Assume  +  10  Counter  at  "6"  and  +  5/+6  Counter  at  "2"  at  beginning  of  sequence. 
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TIMING  DIAGRAM 

Olv!do-By-10  Counter 
01         234567  8901 

rLTirijTJTJTJij~Lri_rLri_ 


CKvl<te-By-6/Dlvkl«-By-6 
0<         234501  2340 

«**  nnnnnnnnnnn 

B«M1  f*~|  

Control  I 
+  5/-C6 


Monostablo  Multivibrator 


*  Don't  Cars 
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APPLICATION  -  12  HOUR  CLOCK 


<  I  0  M 
60  Ht  o 


> 1500  pF 


•5/  +  6 
Q0  — 

:    qi  - 

02  i  


+  10 

Q0  — 


r-  c  °' 
a; 

J  CI' 


t  Tenih 
(Second* 


■f  to 

+  5^6 

DO 

oo 

C  O' 

a: 

E  r 

c 

Ol 

Q3 

Q2 

Seconds 

_1 

■  ~ 1 


^5/^6  Control  not  shown  =  Vgs 

R«»t  pins  not  shown  ■  Vgg 
*Csr«  mult  bo  Takvn  in  tho  indicatod  circuit  to  f'ltar  lino 
transtonu  whtch  may  ccuso  "falso"  counting. 
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PHASE  COMPARATOR  AND 
PROGRAMMABLE  COUNTERS 

The  MC14568B  consists  of  a  phase  comparator,  a  divide-by  4,  15.  64 
or  100  counter  and  a  programmable  divide- by  N  4-bit  binary  counier  (all 
posittve-edge  triggered)  constructed  with  MOS  P-channel  and 
N-channel  enhancemenl  mode  devices  (complementary  MOS)  m  a 
monolithic  structure 

The  MC14568B  has  been  designed  for  use  in  conjunction  with  a  pro 
grammable  divideby-N  counter  for  frequency  synthesizers  and  phase 
locked  loop  applications  requiring  low  power  dissipation  and' or  high 
noise  immunity 

This  device  can  be  used  with  both  counters  cascaded  and  the  output 
of  the  second  counter  connected  to  the  phase  comparator  (CTL  high), 
or  used  independently  of  the  programmable  divide-by-N  counter,  for 
example  cascaded  with  a  MC14569B.  MC14522B  or  MC14526B  (CTL 
low) 

•  Supply  Voltage  Range  =  3.0  to  18  V 

•  Capable  of  Driving  Two  Low-Power  TTL  Loads,  One  Low-Power 
Schottky  TTL  Load  or  Two  HTL  Loads  Over  the  Rated  Tempera- 
ture Range. 

•  Chip  Complexity  549  FETs  or  137  Equivalent  Gates 


CMOS  MSI 

ILOW  POWER  COMPLEMENTARY  MOSI 

PHASE  COMPARATOR 
AND  PROGRAMMABLE 
COUNTERS 


MAXIMUM  RATING 


Haling 

Symbol 

Value 

Unit 

DC  Supply  Voltage 

vdd 

-OSto  -18 

V 

Input  Voltage.  All  Inputs 

V,n 

-0  5  10  V0D  •  0  5 

V 

OC  Input  Current,  per  Pin 

l,n 

±  10 

mA 

Operating  Temperature  Range     A|_  Device 
CL/CP  Device 

Ta 

-55  to  •  125 
-40  to  »85 

°C 

Storage  Temperature  Range 

Tstg 

-65  to  -150 

°C 

L  SUFFIX 

CERAMIC  PACKAGE 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series:  -55°C  10  +  125°C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40°C  10  +  85°C 
MC14XXX8CP  [Plastic  Packago) 
MC14XXXBCL  ICeramic  Packagel 


8LOCK  DIAGRAM 


TRUTH  TABLE 


F 

G 

Division  Ratio 

Pin  10 

Pin  11 

of  Counter  D1 

0 

0 

4 

0 

1 

16 

1 

0 

64 

1 

1 

100 

The  divide  by  'em  state  on  the  programmable 
divide  by  N  4  bit  binary  counter,  D2,  is  illegal. 


'  DD     p'n  16 


'■>P3  6     6    6    O  DPO 
<1      S     G  / 
Dp2  Hp i 
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ELECTRICAL  CHARACTERISTICS  IVollages  Referenced  10  Vss> 


Characteristic 

Symbol 

Vdc 

T|ow* 

25°C 

Thigh* 

Unit 

Mm 

Mix 

Mm 

Typ 

Max 

Min 

Mix 

Output  Voltaqc                "0"  Level 
V,n  VDDorO 

■1"  Level 

V,n    0  0rVOD 

vol 

50 
10 
15 

0  05 
0  05 
005 

0 
0 
0 

0.05 
0.05 
0.05 

005 
0.05 
0.05 

Vdc 

v0h 

5  0 
10 
15 

4  95 
9  95 
14.95 

4.95 
995 
1495 

5.0 
10 
15 

4  95 
9.95 
14.95 

Vdc 

Input  Voltage  »t-              "0  "  Level 

IVq    4.5  or  0.5  Vdcl 
(Vq    9  0  or  1.0  Vdcl 
(V0     13.5  or  15  Vdcl 

"V  Level 

(Vq    0  5  or  4  5  Vdcl 
\  VQ     1  .u  or  y  .U  VaCf 
(Vq    l  5  or  13  5  Vdcl  . 

V|L 

5  0 
10 
15 

1  5 

3  0 

4  0 

2.25 
4  50 
6  75 

15 
3.0 
4.0 

- 

1.5 
3.0 
4.0 

Vdc 

V|H 

50 
10 
15 

3  5 
7.0 
11.0 

- 

3  5 
70 
11.0 

2.75 
5  50 
8.25 

- 

3.5 
7.0 
11.0 

- 

Vdc 

Output  Drive  Current  IAL  Device).  . 
IVoh    2  5  Vdc)  Source 
(Vqh    4  6  Vdc) 
(Vqh    9  5  Vdcl 
IV0H     13  5  Vdc) 

ivql  ' 04  vdc)  s,nk 

Ivql  "  u.d  vocj 

|W«,    --vIR  VHrt 

lOH 

5.0 
5  0 
10 
15 

-1.2 
-0  25 
-0.62 

-1.8 

- 

-1.0 
-02 
-0.5 
-1.5 

-1.7 
-0.36 
-0.9 
-3.5 

- 

-0.7 
-0  14 
-0.35 
-1.1 

- 

mAdc 

'OL 

5.0 
10 
Ig 

0.64 
16 
4.2 

- 
- 

051 
1.3 
3.4 

0  88 

2.25 
8.8 

- 
- 

036 
0  9 
2.4 

- 
- 

mAdc 

Output  Drive  Current  (CL/CP  Device! 

(VOH  "  2  5  Vdc>  Source 
(V0H  =4.6  Vdc) 
(VOH  -  9.5  Vdc) 
(V0H  =  13.5  Vdc) 

IVol  s  04  Vdc>  Sink 
(V0L  *  0.5  Vdc) 

iv0L  r  15  vdc) 

—  

'oh 

5.0 
50 
10 
15 

-1.0 
-02 
-0  5 
-1.4 

- 

-08 
-0  16 
-0  4 
-12 

-1.7 
-036 
—0  9 
-3  5 

- 
- 

-0.6 
-0.12 
-0  3 
-10 

- 

'OL 

5.0 
10 
15 

0.52 
3  6 

- 

0  44 

3.0 

0  88 

2.25 
8.8 

0.36 
0.9 
24 

- 

mAdc 

Input  Current  (AL  Device) 

'in 

15 

■0  1 

;  0  00001 

•0  1 

;  10 

uAdc 

Input  Current  (CL/CP  Device) 

'm 

15 

:03 

•-0.00001 

:0.3 

11.0 

uAdc 

Input  Capacitance 

c,„ 

5  0 

7.5 

pF 

Quiescent  Current  (AL  Device) ' 
(Per  Package)  Vjn  =  0  or  Vdd, 
■out  =  0*A 

'dd 

50 
10 
15 

5.0 
10 
20 

0.005 
0.010 
0.015 

5  0 
10 
20 

150 
300 
600 

MAdc 

Quiescent  Current  (CL/CP  Oevice) 
(Per  Package)  V,n  =  0  or  Vdd. 

|_ ...  =  0  UA 
'OUt    **  rn 

'DD 

50 
10 
15 

20 
40 
80 

0.005 
0.010 
0.015 

20 
40 
80 

150 
300 
600 

uAdc 

Total  Supply  Current ' '  t 
(Dynamic  plus  Quiescent. 
Per  Package) 

(C|_    50  pF  on  all  outputs,  all 
buffers  switching) 

'T 

5  0 
10 
15 

Ij  "  (0.2  uA/kfU)  1  +  lDD 
lT  -  (0.4  uA/kHz)  1  +  lDt> 
lT  "  (0.9  uA/kHll  1  +  lDD 

MAdc 

Three-State  Leakage  Current,  Pins  1,13 
(AL  Device) 

'TL 

15 

£0.1 

:  0.00001 

±0.1 

!3.0 

MAdc 

Three-State  Leakage  Current,  Pins  1,13 
(CL/CP  Devices) 

'TL 

15 

:1.0 

;  0.00001 

■  1.0 

;7.5 

MAdc 

*Tlow    -55°C  lor  AL  Device.  -40°C  lor  CL/CP  Oevice 
Thigh     •  I25°C  lor  AL  Device.  •85°C  lor  CL/CP  Device 
-Noise  immunity  specilied  loi  worst-case  input  combination 
Noise  Margin  for  both  "1"  and  "0"  level    1  0  Vdc  min  <?  Vprj     5.0  Vdc 

2.0  Vdc  min  19  Vqd     10  Vdc 
2  5  Vdc  min  &  VDD      15  Vdc 
tTo  calculate  total  supply  current  at  loads  other  than  50  pF 
ItICl)    ItISOpF)  •  I  »  10-3  (Cl -501  VDDI 
where  It  is  in  mA  (per  package).  CL  in  pF.  VD0     Vdc.  and  I  in  kHz  is  input  frequency 
The  formulas  given  are  lor  the  typical  characteristics  only  at  25°C 

tPin  15  is  connected  to  Vgg  or  Vrjrj  lor  input  voltage  test. 


PIN  ASSIGNMENT 
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SWITCHING  CHARACTERISTICS  iCL  =  50  pF.  TA  =  25  CI 


Characteristic 

Symbol 

Vnn 
"UU 

V 

Min 

Typ 

Max 

Unit 

Output  Rise  Time 

'TLH 

bO 

180 

360 

ns 

10 

90 

180 

15 

65 

130 

Output  Fall  Time 

<THL 

50 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Minimum  Pulse  Width.  CI.  QI/C2.  or  PC,n  Input 

'WH 

50 

125 

250 

ns 

10 

60 

120 

15 

45 

90 

Maximum  Clock  Rise  and  Fall  Time. 

'TLH- 

50 

15 

es 

CI.  Q1/C2.  or  PC,n  Input 

'THL 

10 

15 

15 

15 

PHASE  COMPARATOR 

Input  Resistance 

5.0  to  15 

1     106     |            |  Mfl 

Input  Sensitivitv.  dc  Coupled 

5  0  to  15 

See  Input  Voltage 

Turn-Off  Delay  Time. 

'PHL 

50 

550 

1100 

ns 

PC0U,  and  LD  Outputs 

10 

195 

390 

15 

120 

240 

Turn-On  Delay  Time, 

'PLH 

50 

675 

1350 

ns 

PCout  and  LD  Outputs 

10 

300 

600 

15 

190 

380 

DIVIDE-BY-4,  16,  64  OR  100  COUNTER  ID1) 

Maximum  Clock  Pulse  Frequency 

Id 

MH; 

Division  Ratio  =  4.  64  or  100 

50 

30 

60 

10 

80 

16 

15 

10 

22 

Division  Ratio  =  16 

50 

1  0 

25 

10 

30 

63 

15 

50 

9  7 

Propagation  Delay  Time.  QI/C2  Output 

'PLH- 

ns 

Division  Ratio  =  4.  64  or  100 

'PHL 

50 

450 

900 

10 

190 

380 

15 

130 

260 

Division  Ratio  =  t6 

50 

720 

1440 

10 

300 

600 

15 

200 

400 

PROGRAMMABLE  DIVIDE-BY-N  4-BIT  COUNTER  (D2) 

Maximum  Clock  Pulse  Frequency. 

'cl 

50 

1.2 

1  8 

MHz 

1  Figure  3a) 

10 

30 

85 

15 

40 

12 

Turn-On  Delay  Time.  "0"  Output 

'PLH 

50 

450 

900 

ns 

fFigure  3al 

10 

190 

380 

15 

130 

260 

Turn-Off  Delay  Time,  "0"  Output 

'PHL 

50 

225 

450 

ns 

(Figure  Sal 

10 

85 

170 

15 

60 

150 

Minimum  Preset  Enable  Pulse  Width 

'WHIPEI 

50 

75 

250 

ns 

10 

40 

100 

15 

30 

75 
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SWITCHING  TIME  TEST  CIRCUITS  AND  WAVEFORMS 
FIGURE  1  -  PHASE  COMPARATOR 

A  l»fft  8.  PC0U,  If  i».       A  Itadi  B.  PCout  i)  rush. 


9vDO  y Vpp 
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Dp0  PCout^-o 
Op, 

Dp  j  LD 
Op  3 
pC|„ 

F  Q1/C2 


•  0-  „u,  B£F 


©- 


^_20  n« 
90% 


.   ■    r— *PLH 

— 1    f— *PLM  .  J  |>  tTHU  ~"1     f—  'PLM 

tCHL—     KH  h-  — (    h—  IPML 


FIGURE  2  -  COUNTER  01 
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FIGURE  3  -  COUNTER  02 
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~  0p3  LO(-0 
OI/C2 


<W|OI/C2l 


20n»-» 

Q1/C2 


>n»—4  [   — f    U-20nt  | 

i/60*  ft.  


"0"  10* 
«TLH 


•N  it  tha  valua  programmed  on  tha  Dp  Inpulf. 


6-460 


MC14568B 


6-461 


MC14568B 


6-462 


MC14568B 


OPERATING  CHARACTERISTICS 


The  MC14568B  contains  a  phase  comparator,  a  fixed 
divider  O  4,  *  16.  -7  64,  t  100)  and  a  programmable 
divide  by-N  4-bit  counter. 

PHASE  COMPARATOR 

The  phase  comparator  is  a  positive  edge  controlled 
logic  circuit.  It  essentially  consists  of  four  flip-flops  and 
an  output  pair  of  MOS  transistors.  Only  one  of  its  inputs 
(PCjn.  pin  14)  is  accessible  externally.  The  second  is 
connected  to  the  output  of  one  of  the  two  counters  D 1 
or  02  (see  block  diagram). 

Duty  cycles  of  both  input  signals  (at  A  and  8)  need  not 
be  taken  into  consideration  since  the  comparator  responds 
to  leading  edges  only. 

If  both  input  signals  have  identical  frequencies  but 
different  phases,  with  signal  A  (pin  14)  leading  signal  B 
IRef.),  the  comparator  output  will  be  high  for  the  time 
equal  to  the  phase  difference. 

If  signal  A  lags  signal  B,  the  output  will  be  low  for  the 
same  time.  In  between,  the  output  will  be  in  a  three-state 
condition  and  the  voltage  on  the  capacitor  of  an  RC  filter 
normally  connected  at  this  point  will  have  some  inter- 
mediate value  (see  F  igure  4) .  When  used  in  a  phase  locked 
loop,  this  value  will  adjust  the  Voltage  Controlled  Oscil- 
lator frequency  by  reducing  the  phase  difference  between 
the  reference  signal  and  the  divided  VCO  frequency  to 
zero. 

FIGURE  4  -  PHASE  COMPARATOR  WAVEFORMS 


A  <PC,„>. 
8  IRaf.l - 


-  ~~ u — it 


If  the  input  signals  have  different  frequencies,  the  out- 
put signal  will  be  high  when  signal  B  has  a  lower  frequency 
than  signal  A,  and  low  otherwise. 

Under  the  same  conditions  of  frequency  difference,  the 
output  will  vary  between  Voh  f°r  Vol'  ar|d  some  inter- 
mediate value  until  the  frequencies  of  both  signals  are 
equal  and  their  phase  difference  equal  to  zero,  i.e.  until 
locked  condition  is  obtained. 

Capture  and  lock  range  will  be  determined  by  the  VCO 
frequency  range.  The  comparator  is  provided  with  a  lock 
indicator  output,  which  will  stay  at  logic  1  in  locked 
conditions. 

The  state  diagram  (Figure  5)  depicts  the  internal  state 
transitions.  It  assumes  that  only  one  transition  on  either 
signal  occurs  at  any  time.  It  shows  that  a  change  of  the 
output  state  is  always  associated  with  a  positive  transition 
of  either  signal.  For  a  negative  transition,  the  output  does 
not  change  state.  A  positive  transition  may  not  cause  the 
output  to  change;  this  happens  when  the  signals  have 
different  frequencies. 

DIVIDE  BY  4, 16,  64  OR  100  COUNTER  ID1 ) 

This  counter  is  able  to  work  at  an  input  frequency  of 
5  MHz  for  a  Vqd  value  of  10  volts  over  the  standard 
temperature  range  when  dividing  by  4,  64  and  100.  Pro- 
gramming is  accomplished  by  use  of  inputs  F  and  G  (pins 
10  and  11)  according  to  the  truth  table  shown.  Connect- 
ing the  Control  input  (CTL,  pin  15)  to  Vqq  allows  cas- 
cading this  counter  with  the  programmable  divide-by-N 
counter  provided  in  the  same  package.  Independent 
operation  is  obtained  when  the  Control  input  is  con- 
nected to  Vss. 

The  different  division  ratios  have  been  chosen  to  gen- 
erate the  reference  frequences  corresponding  to  the  chan- 
nel spacings  normally  required  in  frequency  synthesizer 
applications.  For  example,  with  the  division  ratio  100 
and  a  5  MHz  crystal  stabilized  source  a  reference  fre- 
quency of  50  kHz  is  supplied  to  the  comparator.  .  The 
lower  division  ratios  permit  operation  with  low  frequency 
crystals. 
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If  used  in  cascade  with  the  programmable  divide-by-N 
counter,  practically  all  usual  reference  frequencies,  or 
channel  spacings  of  25,  20,  12.5.  10,  6.25  kHz,  etc.  are 
easily  achievable. 

PROGRAMMABLE  DIVIDE-BY-N 
4-BIT  COUNTER  (D2) 

This  counter  is  programmable  by  using  inputs  Opo  . . . 


DP3  4 pins  7  ...  4).  The  Preset  Enable  input  enables  the 
parallel  preset  inputs  Dpo  . . .  DP3  The  "0"  output  must 
be  externally  connected  to  the  PE  input  for  single  stage 
applications.  Since  there  is  not  a  cascade  feedback  input, 
this  counter,  when  cascaded,  must  be  used  as  the  most 
significant  digit.  Because  of  this,  it  can  be  cascaded  with 
binary  counters  as  well  as  with  BCD  counters  (MC14569B. 
MC14522B.  MC1452SB). 


TYPICAL  APPLICATIONS 


FIGURE  6  -  CASCADING  MC14568B  AND  MC14522B  OR  MCI 4526 B  WITH  MC1456SB 
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FIGURE  7  -  FREQUENCY  SYNTHESIZER  WITH  MC14S68B  and  MCT4S68B  USING  A  MIXER 
(Channal  Spacing  10  kHt) 
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FIGURE  8  -  FREQUENCY  SYNTHESIZER  USING  MC14568B.  MC14569B  ANO  MC14B228 
(Without  Mixtrl 
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TOUt 

— O 


N,  N2 

(0-5)  (0-9) 
(625  kHz  stepsl  (62.5  kHz  steps) 

Divide  ratio  =  160N  i  +  I6N2  +  N3 

Example: 

'out  =  N 1  (MHz)  +  N2  (x  100  kHz)  +  N3  (x25  kHz) 
Frequency  range  °  5  MHz 
Channel  spacing  =  25  kHz 
Reference  frequency  =  6.25  kHz 


N3 

(0.  4.  8.  121 
(6.25  kHz  stepsl 


Figures  shown  in  parenthesis 
refer  to  example. 


Recommended  reading: 
111  AN538:  "Phase-Lock  Techniques" 
121  AR254:  "Phase-Locked  Loop  Design  Articles" 
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FIGURE  9  -  TYPICAL  23-CHANNEL  CB  FREQUENCY  SYNTHESIZER  FOR  DOUBLE  CONVERSION  TRANSCEIVERS 


Receiver 

Second  Miliar 


Receiver 
Flrn  Mlaar 


26.968-27.250 
(38.6051  MHl 


TO«B5  »H1 
IF 


10.695  MHl 


Reference 

Oeclllator 


16.270-18.560  117.9101  MHl 


Look  Detector 

MCM56SB  f 
I 


I 

KM  | 


Loop  Low 
Pall  Film 


NOTE: 

1.  10  «Hi  Chennol  Spacing 

2.  Expandable  to  168  Channel* 
(Expended  frequency  renge 
ahown  In  perentheeet) 


.91-1.20(2.581  MHl 

N 

■81-120  (2561  MHl  / 

+H 

,  / 

Down 

MC14526B 

Mlxsr 

To  Trenemltter 

26.065-27.255 
(28.60SI  MHl 


10.695  MHl 


® 


MOTOROLA 


MC14569B 


PROGRAMMABLE  DIVIDE-BY-N  DUAL  4-BIT 
BINARY/BCD  DOWN  COUNTER 

The  MC14569B  is  a  programmable  divide-by-N  dual  4-bit  binary 
or  BCD  down  counter  constructed  with  MOS  P-channel  and  N-chan- 
nel  enhancement  mode  devices  (complementary  MOS)  in  a  mono- 
lithic structure. 

This  device  has  been  designed  for  use  with  the  MC14568B  phase 
comparator/counter  in  frequency  synthesizers,  phase-locked  loops, 
and  other  frequency  division  applications  requiring  low  power  dissi- 
pation and/or  high  noise  immunity. 

•  Speed-up  Circuitry  for  Zero  Detection 

•  Each  4-Bit  Counter  Can  Divide  Independently  in  BCD 

or  Binary  Mode 

•  Can  be  Cascaded  With  MC14568B,  MC14522B  or  MC14526B  lor 
Frequency  Synthesizer  Applications 

•  All  Outputs  are  Buffered 

•  Schmitl  Triggered  Clock  Conditioning 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

PROGRAMMABLE 
DIVIDE-BY-N  DUAL  4-BIT 
BINARY/BCD  DOWN  COUNTER 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  to  +16.0 

V 

V|rv  vout 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vqd  +0.5 

V 

'in'  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

-  10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

TslfJ 

Storage  Temperature 

-  65  to  +  1 50 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Temperature  Derating:  Plastic  "P"  Package:  -12mW/*C  trom  65'C  to  85*C 

Ceramic  "L"  Packago:  -12mW/*C  from  100*C  to  125'C 


L  SUFFIX 

CERAMIC  PACKAGE 


P  SUFFIX 
PLASTIC  PACKAGE 


ORDERING  INFORMATION 

A  Series:  -SS'Cto  +125"C 

MC14XXXBAL  (Ceramic  Packago  Only) 

C  Serlos;  -  40*C  to  +  8S'C 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Packago) 


BLOCK  DIAGRAM 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss> 


Vdd 

T|ow* 

25*C 

Thl 

ah* 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Max 

Unit 

Output  Voltage 

"0"  Level 

vol 

5.0 

0.05 

0 

0.05 

— 

0.05 

Vdc 

Vin  =  Vdd  or  0 

10 

0.05 

0 

0.05 

— 

0.05 

15 

0.05 

0 

0.05 

— 

0.05 

"1"  Level 

voh 

5.0 

4.95 

4.95 

5.0 

4.95 



Vdc 

Vin  -  0  or  Vqd 

10 

9.95 

9.95 

10 

9.95 



15 

14.95 



14.95 

15 

14.95 

- 

Input  Voltage 

"0M  Level 

V|L 

Vdc 

(Vo  =  4.5  or  0.5  Vdc) 

5.0 

— 

1.5 

2.25 

1.5 



1.5 

(Vo  =  9.0  or  1.0  Vdc) 

10 

3.0 

3.0 



3.0 

(Vo  =  13.5  or  1.5  Vdc) 

15 

4.0 

6.75 

4.0 

— 

4.0 

"1"  Level 

V|H 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3.5 

3.5 

2.75 

3.5 



(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

_ 

(Vo  =  1.5  or  13.5  Vdc) 

15 

11.0 

11.0 

8.25 

11.0 

— 

Output  Drive  Current  (AL  Device) 

'oh 

mAdc 

(Voh  -  2  5  Vac) 

Source 

5.0 

-3.0 

-2.4 

-4.2 

-1.7 



(Voh  =  4.6  Vdc) 

5.0 

-0.64 

-0.51 

-0.88 

-0.36 



(Voh  =  9.5  Vdc) 

10 

-1.6 

-1.3 

-2.25 

-0.9 

— 

(Voh  =  i3.5  vdc) 

15 

-4.2 

_ 

-3.4 

-8.8 

-2.4 

— 

(vol  =  0.4  vdc) 

Sink 

lOL 

5.0 

0.64 

0-51 

0.88 

oas 



mAdc 

(Vol  -  0.5  vdc) 

10 

1.6 



1.3 

2.25 

z 

0.9 

— 

(Vol  -  i  s  voc) 

15 

4.2 

— 

3.4 

8.8 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

•oh 

mAdc 

(Voh  =  2-5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

- 1.7 

(VOH  =  4.6  Vdc) 

5.0 

-0.52 

-0.44 

-0.88 

— 

-0.36 

(Voh  =  9.5  voc) 

10 

- 1.3 

- 1.1 

-2.25 

-0.9 



(Voh  =  '35  Vdc) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

— 

(Vol  -  0.4  vdc) 

Sink 

lOL 

5.0 

0.52 

0.44 

0.88 

— 

0.36 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.3 

1.1 

2.25 

0.9 



(Vol  =  i  s  vdc) 

15 

3.6 

3.0 

8.8 

2.4 

— 

Input  Current  (AL  Device) 

'in 

15 

±0.1 

±0.00001 

±0.1 

±1.0 

/*Adc 

Input  Current  (CL/CP  Device) 

■in 

15 

— 

±0.3 

±0.00001 

±0.3 

±  1.0 

pAcfc 

Input  Capacitance 

Qn 





5.0 

7.5 

— 

PF 

(Vin  -  0) 

Quiescent  Current  (AL  Device) 

'DD 

5.0 

5.0 

0.005 

5.0 



150 

MAdc 

(Per  Package) 

10 

10 

0.010 

10 

— 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

'dd 

5.0 

50 

0.005 

SO 

150 

ftAdc 

(Per  Package) 

10 

100 

0.010 

100 

300 

15 

200 

0.015 

200 

600 

Total  Supply  Current"t 

it 

5.0 

IT  =  (0.58  /lA/kHz)  1  +  Idd 

/lAdc 

(Dynamic  plus  Quiescent, 

10 

IT  =  (1.20  fiA/kHz)  I  +  (DD 

Per  Package) 

15 

it  =  (i.95^A*H2)i  +  idd 

(C|_  =  50  pF  on  all  outputs, 

all  bulters  switching) 

*Tlow  -  -  55*c  tot  AL  Device,  -  40*C  (or  CL/CP  Device. 
Thigh  "  +  1 25*C  for  AL  Dovico.  +  Q5*c  for  CL/CP  Dovico. 

#Dste  Isbollod  "Typ"  Is  not  to  bo  used  lor  design  purposes  bul  is 
intended  as  en  indication  of  the  ICS  poiontia!  porformenco. 

"Tho  formulas  glvon  aro  lor  tho  typical  characteristics  only  81  25*C. 
fTo  calculate  total  supply  curront  at  loads  othor  than  50  pF: 

'T<CL>  ■  'T*50  Pf>  +  <Cl  ~50>  v'* 

wtiero:  lj  Is  in  nA  (per  peckago).  Ci_  in  pF.  V  -  (VDD-  Vss)  in  volts 
t  in  kHz  is  input  frequency,  and  k  ■=  0.OO1. 


This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
votlages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  Vjn  and  Vouj  should  be 
constrained  to  the  range  V55  «s  (V|n  or 
Vout)  *  VDD- 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vdd).  Unused  outputs  must  be  left  open. 
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SWITCHING  CHARACTERISTICS'  (Cl  -  50  pF,  Tft  =  25"C) 


Vdd 

All  Types 

Characteristic 

Symbol 

Vdc 

Mln 

Typ# 

Max 

Unit 

Output  Rise  Time 

<TIH 

5.0 

— 

100 

200 

ns 

10 

— 

50 

100 

15 

— 

40 

B0 

Output  Fall  Time 

*THL 

5.0 



100 

200 

ns 

10 

— 

50 

100 

15 

— 

40 

80 

Turn-On  Delay  Time 

tPLH 

ns 

Zero  Detect  Output 

5.0 

— 

420 

700 

10 

— 

175 

300 

15 

— 

125 

250 

Q  Output 

5.0 

— 

675 

1200 

ns 

10 

— 

285 

500 

15 

— 

200 

400 

Tum-OH  Delay  Time 

IPHL 

ns 

Zero  Detect  Output 

5.0 

— 

380 

600 

10 

— 

150 

300 

15 

100 

200 

5.0 

530 

1000 

10 

225 

400 

15 

155 

300 

Clock  Putse  Width 

<WH 

5.0 

300 

100 

ns 

10 

150 

45 

15 

115 

30 

Clock  Pulse  Frequency 

'cl 

5.0 

3.5 

2.1 

MHz 

10 

9.5 

5.7 

15 

13.0 

7.8 

Clock  Pulse  Rise  and  Fall  Time 

*TLH'  THL 

5.0 

MS 

10 

NO  LIMIT 

15 

#Dala  tabollod  "Typ"  Is  not  to  bo  used  for  design  purposos  but  is 
Intended  as  an  Indication  of  Ulo  IC'a  potential  performance. 


SWITCHING  WAVEFORMS 
FIGURE  1 


«TLH  'THL 
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PIN  DESCRIPTIONS 


INPUTS 

PO,  Pi,  P2,  P3  (Pins  3,  4,  5,  6)  —  Preset  Inputs. 
Programmable  Inputs  for  the  least  significant  counter. 
May  be  binary  or  BCD  depending  on  the  control  Input. 

P4,  P5,  P6,  P7  (Pins  11,  12,  13, 14)  —  Preset  In- 
puts. Programmable  inputs  for  the  most  significant 
counter.  May  be  binary  or  BCD  depending  on  the  control 
Input. 

Clock  (Pin  9)  —  Preset  data  Is  decremented  by  one 
on  each  positive  transition  of  this  signal. 

OUTPUTS 

Zero  Detect  (Pin  1)  —  This  output  Is  normally  tow 
and  goes  high  for  one  clock  cycle  when  the  counter  has 
decremented  to  zero. 

Q  (Pin  15)  —  Output  of  the  last  stage  of  the  most 
significant  counter.  This  output  will  be  Inactive  unless 
the  preset  Input  P7  has  been  set  high. 


CONTROLS 

Cascade  Feedback  (Pin  7)  —  This  pin  Is  normally 
set  high.  When  low.  loading  of  the  preset  Inputs  (PO 
through  P7)  Is  Inhibited,  I.e.,  PO  through  P7  are  "don't 
cares."  Refer  to  Table  1  for  output  characteristics. 

CTL,  (Pin  2)  —  This  pin  controls  the  counting  mode 
of  the  least  significant  counter.  When  set  high,  counting 
mode  is  BCD.  When  set  low,  counting  mode  is  binary. 

CTL2  (Pin  10)  —  This  pin  controls  the  counting  mode 
of  the  most  significant  counter.  When  set  high,  counting 
mode  is  BCD.  When  set  low,  counting  mode  is  binary. 

SUPPLY  PINS 

Vss  (Pln  18)  —  Negative  Supply  Voltage.  This  pin  is 
usually  connected  to  ground. 

Vqd  (Pin  16)  —  Positive  Supply  Voltage.  This  pin  is 
connected  to  a  positive  supply  voltage  ranging  from  3.0 
volts  to  1 8.0  volts. 


OPERATING  CHARACTERISTICS 


.  The  MC14S69B  is  a  programmable  dlvide-by-N  dual 
4-bit  down  counter.  This  counter  may  be  programmed 
(i.e.,  preset)  In  BCD  or  binary  code  through  inputs  PO  to 
P7.  For  each  counter,  the  counting  sequence  may  be 
chosen  independently  by  applying  a  high  (for  BCD 
count)  or  a  tow  (for  binary  count)  to  the  control  inputs 
CTL,  and  CTL2. 

The  divide  ratio  N  (N  being  the  value  programmed  on 
the  preset  inputs  PO  to  P7)  Is  automatically  loaded  into 
the  counter  as  soon  as  the  count  1  is  detected.  There- 
fore, a  division  ratio  of  one  is  not  possible.  After  N  clock 


cycles,  one  pulse  appears  on  the  Zero  Detect  output. 
(See  Timing  Diagram.)  The  Q  output  is  the  output  of  the 
last  stage  of  the  most  significant  counter  (See  Tables  1 
through  5,  Mode  Controls.) 

When  cascading  the  MC14569B  to  the  MC14568B. 
MC14522B  or  the  MC14526B,  the  Cascade  Feedback 
input,  Q,  and  Zero  Detect  outputs  must  be  respectively 
connected  to  "0",  Clock,  and  Load  of  the  following 
counter.  If  the  MC14569B  is  used  alone,  Cascade 
Feedback  must  be  connected  to  Vqd- 
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TABLE  1  —  MODE  CONTROLS  (Cascade  Feedback  -  Low) 


Counter  Control 

Divide 

Values 

Ratio 

CTLi 

CTLi 

Zero  Detect 

O 

0 

0 

256 

256 

0 

1 

160 

160 

1 

0 

160 

160 

1 

1 

too 

100 

Note:  Gala  Preset  Inputs  (P0*P7)  are  "Don't  Cares"  while  Cascade  Feedback  Is  Low. 


TABLE  2  —  MODE  CONTROLS  (CTLi  -  Low.  CTL2  -  Low.  Cascade  Feedback  -  High) 


Preset 

Divide 

inputs 

Ratio 

P7 

PS 

P5 

P4 

P3 

P2 

PI 

PO 

Oetect 

0 

Comments 

0 

0 

0 

0 

0 

0 

0 

0 

256 

258 

Max  Count 

0 

0 

0 

0 

0 

0 

0 

1 

X 

X 

Illegal  Stale 

0 

0 

0 

0 

0 

0 

0 

2 

X 

Mln  Count 

0 

0 

0 

0 

0 

0 

\ 

3 

X 

X 

• 

• 

- 

t 

. 

• 

X 

X 

0 

0 

0 

0 

1 

1 

15 

X 

0 

0 

0 

0 

16 

x 

X 

X 

X 

32 

X 

X 

X 

X 

84 

X 

X 

X 

X 

0 

1 

1 

1 

1 

1 

127 

X 

1 

0 

0 

0 

0 

0 

128 

128 

O  Outpi 

t  Active 

1 

0 

0 

0 

1 

0 

136 

136 

1 

1 

1 

1 

1 

1 

255 

255 

2' 

2» 

2s 

2« 

2= 

2s 

21 

2" 

128 

64 

32 

16 

8 

4 

2 

1 

Bit  Value 

Counter  #2 

Counter  #1 

Counting 

Binary 

Binary 

Sequence 

X  -  No  Output  (Always  Low) 
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TABLE  3  —  MODE  CONTROLS  (CTL,  -  High,  CTL2  -  Low.  Casesdo  Feedback  =  High) 


PraMt 

Divide 

1 

Inputs 

Ratio 

Zero 

P7 

P6 

PS 

P4 

P3 

P2 

P1 

PO 

Detect 

Q 

Comments 

0 

0 

o 

0 

0 

0 

0 

0 

160 

160 

Max  Count 

0 

0 

0 

0 

0 

0 

0 

1 

X 

X 

Illegal  Slate 

0 

0 

0 

0 

0 

0 

1 

0 

2 

X 

Mln  Count 

0 

0 

0 

0 

0 

0 

1 

1 

3 

X 

X 

X 

X 

9 

X 

? 

1. 

: 

. 

. 

. 

X 

. 

X 

X 

0 

20 

X 

• 

• 

X 

• 

• 

X 

• 

• 

X 

30 

X 

■ 

■ 

X 

• 

• 

X 

• 

• 

• 

• 

X 

40 

X 

• 

• 

• 

X 

• 

• 

X 

■ 

• 

• 

• 

• 

• 

X 

50 

x 

• 

• 

• 

• 

X 

• 

• 

• 

• 

• 

• 

• 

• 

• 

X 

• 

• 

• 

• 

X 

X 

- 

• 

■ 

• 

• 

X 

X 

° 

° 

70 

X 

• 

- 

X 

X 

• 

- 

■ 

• 

• 

X 

• 

• 

■ 

• 

BO 

ao 

Q  Qutp 

jt  Active 

90 

90 

150 

150 

i 

1 

1 

1 

0 

0 

1 

159 

159 

so 

40 

20 

10 

8 

4 

2 

1 

Bit  Value 

Counter  #2 

Counter  #1 

Counting 

Binary 

BCD 

Sequence 

X  »  No  Output  (Always  Low) 
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TABLE  4  —  MODE  CONTROLS  (CTL,  -  Low.  CTLj  -  High.  Cascade  Feedback  -  High) 


Preset 

Divide 

Values 

Ratio 

Zero 

P7 

PB 

PS 

P4 

P3 

P2 

PI 

PO 

Detect 

Q 

Comments 

0 

0 

0 

0 

0 

0 

0 

0 

160 

160 

Max  Count 

0 

0 

0 

0 

0 

0 

0 

1 

X 

X 

Illegal  State 

0 

0 

0 

0 

0 

0 

1 

0 

2 

X 

Mtn  Count 

0 

0 

0 

0 

0 

0 

1 

1. 

3 

X 

X 

X 

' 

X 

0 

0 

0 

1 

1 

1 

1S 

X 

0 

0 

0 

1 

0 

0 

0 

16 

X 

X 

X 

• 

• 

X 

31 

X 

? 

? 

32 

X 

• 

X 

X 

• 

X 

! 

. 

• 

48 

X 

• 

• 

. 

64 

X 

• 

• 

! 

80 

X 

• 
• 

i 

• 

112 

X 

• 

• 

128 

128 

0  Outpu 

t  Active 

144 

144 

1 

0 

0 

1 

1 

1 

159 

159 

27 

2« 

2s 

2* 

2> 

2* 

21 

2« 

128 

64 

32 

16 

8 

4 

2 

1 

Bit  Value 

Counter  #2 

Counter  #1 

Counting 

BCD 

Binary 

Sequence 

X  «  No  Output  (Always  Low) 


6-473 


MC14569B 


TABLE  5  —  MODE  CONTROLS  (CTL,  •  High,  CTL2  -  High.  Cascade  Feedback  -  High) 


Praeet 

Divide 

Valuaa 

Ratio 

Zero 

P7 

P6 

P5 

P4 

P3 

P2 

PI 

PO 

Detect 

O 

Comment! 

0 

0 

0 

0 

0 

0 

0 

0 

too 

100 

Max  Count 

0 

0 

0 

0 

0 

0 

0 

1 

X 

X 

Illegal  Slate 

0 

0 

0 

0 

0 

0 

1 

0 

2 

X 

Mln  Count 

o 

o 

o 

o 

1 

1 

3 

x 

X 

X 

x 

X 

0 

10 

X 

X 

x 

X 

30 

X 

X 

X 

X 

40 

X 

X 

X 

X 

50 

X 

X 

X 

x 

70 

X 

X 

X 

X 

SO 

BO 

Q  Outpi 

t  Active 

SO 

90 

1 

0 

0 

1 

1 

0 

0 

1 

SS 

99 

so 

40 

20 

10 

a 

4 

2 

1 

Bit  Value 

Counter  #2 

Counter  #1 

Counting 

BCD 

BCD 

Sequence 

X  -  No  Output  (Always  Low) 


TIMING  DIAGRAM  MC14569B 
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TYPICAL  APPLICATIONS 
FIGURE  S  —  CASCADING  MC14SSSB  AND  MC14522B  OR  MC14S26B  WITH  MC145S9B 


CF 

C  a 

MC14SSSB 

Zero 
Dotacl 


CF 

C     MC14522B  04 


PE  MC14588B  "Q"  —I 


mrnn  nrr  im 


DP0  Dp3 


CF 

C      MC14522B  CM 
or 

pg    MC14S28B  "0" 


Dpo  Op3 


Q1/C2 

MC1458BB 


TTTT 

°P0  Dp3 


FIQURE  7  —  FREQUENCY  8YNTHE8IZER  WITH  MC1496SB  and  MC14S69B  USING  A  MIXER 
(Chinnal  Spacing  10  kHz) 


vco 

(144-146  MHz) 


Frequencies  shown  In  parenthesis  are  given  as  an  example 


(143.5  MHz) 
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MOTOROLA 


MC14572UB 


HEX  GATE 

The  MC14S72UB  hex  functional  gate  is  constructed  with  MOS 
P-channel  and  N-channel  enhancement  mode  devices  in  a  single 
monolithic  structure.  These  complementary  MOS  logic  gates  find 
primary  use  where  low  power  dissipation  and/or  high  noise  immun- 
ity is  desired.  The  chip  contains  four  inverters,  one  NOR  gate  and 
one  NAND  gate. 

•  Diode  Protection  on  All  Inputs 

•  Single  Supply  Operation 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  NOR  Input  Pin  Adjacent  to  V$S  Pin  to  Simplify  Use  As  An 
Inverter 

•  NAND  Input  Pin  Adjacent  to  Vpp  Pin  to  Simplify  Use  As  An 
Inverter 

•  NOR  Output  Pin  Adjacent  to  Inverter  Input  Pin  For  OR 
Application 

•  NAND  Output  Pin  Adjacent  to  Inverter  Input  Pin  For  AND 
Application 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-Power 
Schottky  TTL  Load  over  the  Rated  Temperature  Range 


CMOS  SSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

HEX  GATE 

4  INVERTERS  PLUS 
2-INPUT  NOR  GATE  PLUS 
2-INPUT  NAND  GATE 


MAXIMUM  RATINGS*  (Voltages  Referenced  lo  Vss> 


Symbol 

Parameter 

Value 

Unit 

vDd 

DC  Supply  Voltage 

-05  lo  +180 

V 

V,n-  Voul 

tnput  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  VDD  -  0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

r  10 

mA 

PD 

Power  Dissipation,  per  Packager 

500 

mW 

Tsto 

Storage  Temperature 

-66  to  ♦  150 

■c 

'L 

Lead  Temperature  (6-Second  Soldering) 

260 

•c 

L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE        PLASTIC  PACKAGE 

CASE  620  CASE  £48 


ORDERING  INFORMATION 

A  Series:  -55*0  ts  +  125*C 
MC14XXXU8AL  (Ceramic  Package  Only) 

CSerlos:  -40'Cto  -fSS'C 
MCI4XXXUBCP  (Plastic  Package) 
MC14XXXU8CL  (Ceramic  Packago) 


'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
tTemperature  Derating:  Plastic  "P"  Package:  -  12mW/'C  trom  65'C  to  85'C 

Ceramic  "L"  Package  -  12mW/*C  Irom  100*C  to  125X 


LOGIC  DIAGRAM 

» — o- 

. — 1>- 


-0—  i 


VDD  •  Pin  16 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Roioroncod  to  vss) 


Tlow* 

25°C 

Thioh* 

C  hsr  ac  terist  tc 

Symbol 

Vdc 

Min 

Mix 

Min 

Typ# 

Mix 

Min 

Max 

Unit 

Output  Voltage                "0"  Level 

vol 

s.o 

_ 

0.05 

0 

0.05 



0.05 

Vdc 

V|n  =  VDD  or  0 

10 



0.05 



0 

0.05 



0.05 

15 

_ 

0.05 



0 

0.05 

_ 

0.05 

"1"  Level 

voh 

5.0 

4.95 

4.95 

5.0 

4.96 

Vdc 

V|„  =  0  or  VDD 

10 

9.95 

_ 

9.95 

10 

_ 

9.95 



15 

14.95 

_ 

14.95 

15 

_ 

14.95 



Inpul  Voltage                    "0"  Level 

V|L 

1.0 

Vdc 

(Vo  •=  4.5  or  0.5  Vdc) 

5.0 

1.0 

2.25 

1.0 

(VG  -  9.0  or  1.0  Vdc) 

10 

2.0 



4.50 

2.0 



2.0 

(V0  -  13.5  or  1.5  Vdc) 

15 



2.5 

_ 

6  75 

2.5 

— 

2.5 

"1"  Level 

V|H 

{Vo  3  0.5  or  4.5  Vdc) 

5.0 

4.0 

_ 

4.0 

2.75 

_ 

4  0 

— 

Vdc 

(Vq  =  1.0  or  9.0  Vdc) 

10 

8.0 

— 

8.0 

5.50 

— 

60 

— 

(Vo  -  1-5  or  13.5  Vdc) 

IS 

12.5 

— 

12.5 

8.25 

— 

12.S 

— 

Output  Drive  Current  (AL  Device) 

>OH 

mAdc 

<V0H  =2.5  Vdc)  Source 

5.0 

-1.2 



-1.0 

-1.7 

_ 

-0.7 

_ 

<V0H  -4-6  Vdc) 

5.0 

-0.25 

— 

-0.2 

-0  36 

- 

•0.14 

(Vqh  "Q5  Vdc) 

10 

-0.62 

— 

-0.5 

-0.9 

— 

-0.35 

— 

(Vqh  °  13.5  Vdcl 

IS 

-I.B 

- 

-1.5 

-3.5 

— 

-1.1 

— 

(Vol  =04  Vdc)  Sink 

lOL 

5.0 

0.64 

— 

0.51 

0.88 

- 

0.36 

- 

mAdc 

(Vql  =0-5  vdc) 

10 

1.6 

— 

1.3 

2.25 

— 

0.9 

— 

(vol     1  •**  "oci 

4.2 

3.4 

8.8 

2.4 

— 

uuipui  utivq  uunnni  ii«ujv>r  l/qvicci 

'OH 

— -  

"mAdc" 

'Voh  a  2.5  Vdc)  Source 

5.0 

-1.0 

-0.8 

-1.7 

-0.6 

— 

(VOH  -  4.6  Vdc) 

5.0 

-0.2 

-0.16 

-0.36 

-0.12 

IV0H  -9.5  Vdc) 

10 

-0.5 

- 

-0.4 

-0.9 

•0.3 

— 

(Vqh  a  13.5  Vdc) 

15 

-1.4 

-1 .2 

— 3.5 

"10 

(Vol  "°-4  Vdc)  Sink 

'UL 

5.0 

0.52 

0.44 

0.88 

0.36 

mAdc 

(Vql  "0.5  Vdc) 

10 

1.3 

1.1 

2.25 

0.9 

(Vql  "i-5  vdc) 

15 

3.6 

3.0 

8.8 

2.4 

Input  Current  (AL  Device) 

'in 

IS 

•  0  1 

1 0.00001 

10.1 

- 

*  1 .0 

pAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

— 

t0.3 

10.00001 

t0.3 

— 

£1.0 

fiAdC 

Input  Capacitance 

Cin 

— 

— 

so 

7.5 

— 

— 

pF 

(Vin*0) 

Quiescent  Current  (AL  Device) 

<OD 

SO 

0.25 

0.0005 

0.25 

7.5 

uAdc 

(Per  Package) 

10 

0.50 

0.0010 

0.50 

15.0 

IS 

1.00 

0.0015 

1.00 

30.0 

Quiescent  Current  (CL/CP  Device) 

'DO 

SO 

1.0 

0.0005 

1.0 

7.5 

ItAdc 

(Per  Package! 

10 

2.0 

0.0010 

2.0 

15.0 

IS 

4.0 

0.0015 

4.0 

30.0 

Total  Supply  Current* ' t 

't 

5.0 

It  -  (i 

39  uA/kHl)  1  ♦  l0D 

jiAdc 

(Dynamic  plus  Quiescent. 

10 

lT-(3B0(iA/kHi|f  +  IdD 

Per  Package) 

15 

IT  -  (5.68  vA/kHzl  1  ♦  >DO 

(Cl  "  50  pF  on  all  outputs,  all 

buffers  switching) 

*Ttow  *  -  55*C  '<>'  AL  Device  -  40*C  for  CL/CP  Davie©. 
Thtgh  -  + 1 25"C  ,or  AL  Devlco.  +  BS'C  for  CL/CP  Dovlco. 

#Data  taboClod  "Typ"  Is  not  to  bo  used  tor  design  purposos  but  Is 
intended  as  an  indication  of  tho  IC's  potontisl  porformsneo. 

"Tho  formulas  grvon  aro  for  tho  typlcaJ  characteristics  only  at  25*C. 
fTo  caleutoto  total  supply  current  at  loads  other  than  SO  pF: 

lT<CL)  -  I-HSOPH  *  <Cl  -50)Vlk 


whore:  lj  Is  In  iiA  (per  packego),  C|_  In  pF,  V  ■ 
f  In  kHz  Is  input  frequency,  and  k  -  0.006. 


<VDD-VSS)  In  votts, 


PIN  ASSIGNMENT 


1 1 — 

OutA 

Vqd 

=3  16 

2  = 

'"A 

In  if 

=  15 

3  1= 

OutB 

In  1p 

31* 

4  C= 

lnB 

Outp 

=313 

SC 

Outc 

lnE 

=312 

6C= 

In  1C 

OutE 

=311 

7  t= 

lnjc 

lnD 

=310 

8  CZ 

vss 

Outo 

=39 

This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  How- 
ever, precautions  must  be  taken  to  avoid  applications  ol  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation,  Vm  and  Vou,  should  be  constrained  to  the  range  Vss  4  (vln  or  vout)  *  Vdd- 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  °r  VDD>-  Unused  outputs  must 
be  left  open. 
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SWITCHING  CHARACTERISTICS'   <CL  -  SO PF, TA  ■  25°CI 


Charactaristie 

Symbol 

Vnn 

Mln 

Typ  # 

Max 

Unit 

Output  Risa  Time 

«TLH 

ns 

III  ,  a  _  14  A  uLiEl  f*m    a  4ft  n* 

1 1 LH    liiiU  nirprj  ^l  *  ni 

5.0 

180 

360 

«TLH  "  *1  -S  ns/pF)  Cl  ♦  IS  m 

10 

90 

ISO 

'TLH  "        ra/pFI  Cl  +  10  ni 

15 

65 

130 

Output  Fall  Time 

«THL 

ns 

«THL  "  I1-5  m/pFI  Cl  +  25  ns 

5.0 

100 

200 

tTHL  "         ns/pF)  CL  ♦  12.5  ni 

10 

50 

100 

tTHL  "  10.55  m/pF)  Cl  +  9.5  n« 

15 

40 

SO 

Propagation  Delay  Tima 

«PLH, 

ns 

tpLH.  IpHL  ~  (I  -7  n»*F)  Cl  +  5  08 

'PHL 

5.0 

SO 

180 

tpLH.  'PHL  -  (O-86  na/pF)  Cl  +  I7  ns 

10 

SO 

100 

tpLH.  'PHL  ™  l°-5  nilpF)  Cl  +  15  na 

15 

40 

80 

*Tho  formulas  given  oro  for  !ho  typical  characteristics  only  al  25*C. 


#0ata  isbotiod  "Typ"  Is  not  to  bo  usod  lor  design  purposes  but  Is 
Iniondod  ss  sn  Indication  of  (Ko  IC's  potential  portormanco- 


FIGURE  1  -  SWITCHING  TIME  TEST  CIRCUITS  AND  WAVEFORMS 


V00  VO0 


Pulse 
Generator 


V00 


Pulse 
Generator 
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SWITCHING  CHARACTERISTICS*  (CL»50  pF,  TA-25'C) 


Characteristic 

Symbol 

VDD 

Mln 

Typo 

Max 

Unit 

Output  Rlso  and  Fall  Time 

*TLH*  'THL 

ns 

IfLHt  tTHLal1-5  na/pF)  Cl  +  25  ns 

5.0 

— 

100 

200 

'TLH-  'THL"I°'75  ""PH  Ci_+12.5l*» 

(Figures  3  and  6) 

to 

— 

50 

100 

tjLHt  ITHL  "  (0.55  ns/pF)  Cl+9.5  ns 

15 

40 

80 

Propagation  Delay  Time 

'PLH'  'PHL 

5.0 

— 

650 

1300 

ns 

Clock  to  Output 

(Figures  3  and  6) 

10 

— 

250 

500 

15 

170 

340 

Writo  Enable  Setup  Time 

>S<J 

5.0 

soo 

400 

— 

ns 

(Enabling  a  Wrha  or  Road) 

(Figure  5) 

10 

300 

150 

— 

15 

200 

100 

Write  Enable  Removal  Time 

'rem 

5.0 

0 

-100 

— 

ns 

(Disabling  a  Write  or  Read) 

(Figure  5) 

10 

0 

-50 

— 

15 

0 

-35 

Setup  Time" 

tsu 

5.0 

50 

20 

— 

ns 

Addross,  Data  to  Clock 

(Figure  3) 

10 

30 

0 

— 

15 

25 

o 

Hold  Time" 

<h 

5.0 

480 

160 

ns 

Clock  to  Addroas.  Data 

(Figure  3) 

10 

195 

65 

15 

150 

50 

3*State  Enable/Disable  Delay  Time 

<PHZ.  <PL2 

5.0 

130 

2S0 

ns 

'PZH.  'PZL 

10 

60 

120 

(Figures  4  and  7) 

15 

45 

90 

Clock  Pulse  Width 

>w 

5.0 

820 

410 

rta 

(Figure  3) 

10 

330 

165 

15 

220 

110 

'When  loading  repetitive  highs,  the  output  may  glitch  low  momentarily  alter  the  rising  edgo  of  Clock.  Howover,  data  integrity  remains 
unaffected  and  daia  Is  valid  after  the  propagation  delays  listed  In  Ihe  Switching  Characteristics  Table. 


FIGURE  1  -  OUTPUT  DRIVE  CURRENT  TEST  CIRCUIT 
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SWITCHING  CHARACTERISTICS*    1CL  -  SO  pF.  TA  ■  25°C) 


Chsracterblle 

Svntbel 

Min 

Typ  » 

Matt 

Unit 

Output  Rise  Time 

•TLH 

nt 

tjLH"  0.0  ni/pF»CL  +  30  nt 

5.0 

- 

180 

360 

»TLH  ■  \ I .D  nj/pn         id  nt 

10 

90 

180 

«TLH  "  H    nt/pF)  Cl  +  10  m 

15 

65 

130 

Output  Fall  Tims 

<THL 

nt 

<THL  "  H-5  ni/pF)  Cl  +  25  ni 

5.0 

100 

200 

<THL  "  (0-7s  n»/pF)  Cl  +  1J.5  nt 

10 

50 

100 

THL  "  'o  ss  nl/pF)  Cl  +  9.5  ni 

15 

40 

80 

Propagation  Delay  Time 

1PLH. 

nt 

IpLH.  tpHL  "  <1-7  ns/pF)  Cl  +  5  na 

'PHL 

5.0 

90 

180 

tpi.H,  tpHL  "  (°-6B  ""'PF)  Cl  +  17  ns 

10 

GO 

100 

tpLH.  IpHL  "  (°  B  ""PP)  CL  +  15  ns 

IS 

40 

80 

"Tho  formulas  given  oro  lor  the  typical  characteristic*  only  at  2S*C. 


#Ooto  labollod  "Typ"  Is  not  to  bo  usod  for  design  purposos  but  Is 
tntondod  as  an  Indication  ol  the  IC's  potential  performance. 


FIGURE  1  —  SWITCHING  TIME  TESTCIRCUITS  AND  WAVEFORMS 


V00  V00 


Putte 
Generator 


Voo 
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4x4  MULTIPORT  REGISTER 

The  MC1458QB  is  a  4  by  4  multiport  register  useful  in  smell 
scratch  pad  memories,  arithmetic  operations  when  coupled  with  an 
adder,  and  other  data  storage  applications.  It  allows  independent 
reading  of  any  two  words  (or  the  same  word  at  both  outputs)  while 
writing  into  any  one  of  four  words. 

Address  changing  and  data  entry  occur  on  the  rising  edge  of  the 
clock.  When  the  write  enable  input  is  low,  the  contents  of  any  word 
may  be  accessed  but  not  altered. 

•  No  Restrictions  on  Clock  Input  Rise  or  Fall  Times 

•  3-State  Outputs 

•  Single  Phase  Clocking 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  one  Low- 
power  Schottky  TTL  Load  Over  the  Rated  Temperature 
Range 

•  Pin  Compatible  with  CD401 08 


MAXIMUM  RATINGS*  (Voltages  Reloronced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltago 

-o.s  to  +  te.o 

V 

Vin.  Vou, 

Input  or  Output  Voltage  (DC  or  Transient) 

-0.5  to  Vqd  +0-5 

V 

'in'  lout 

Input  or  Output  Current  (PC  or  Transient),  per  Pin 

1 10 

mA 

PD 

Power  Dissipation,  per  Packagef 

500 

mW 

Tata 

Storage  Temperature 

-65  to  +  150 

•c 

TL 

Lead  Temperature  (B-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Packago:  -12mW/'C  from  65*C  to  85'C 

Ceramic  "L"  Package:  -I2mw/'C  from  100'C  to  125'C 


BLOCK  DIAGRAM 


W0  W1  R0AR1AR0BR1B 
|B     |9      j  13    |14    j11  [10 


20  i  l 


Dais 

Input 


00 
D1 
D2 
D3 


4  «  4 

Mimory 


O0A 

Q'a 

<"A 

Q3A 

aoB 

Q1g 

Q2B 

Q3B 

Word  A 
Output 


Word  B 

Output 


V00  -  Pin  24 


CMOS  LSI 

ILOW  POWER  COMPLEMENTARY  MOSI 

4x4  MULTIPORT  REGISTER 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  623 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  709 

ORDERING  INFORMATION 

A  Sarins:  -  55'C  to  +  125'C 
MC14XXXBAL  (Ceramic  Packago  Only) 

C  Series:  -  40*C  lo  +  8S'C 
MC14XXXBCP  (Plastic  Packago) 
MC14XXXBCL  (Ceramic  Packago) 


PIN  ASSIGNMENT 
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ELECTRICAL  CHARACTERISTICS  (Voitooos  Roioroncod  to  vss] 


VOD 

Tlo 

2S°C 

Th 

oh* 

Characteristic 

Symbol 

Vdc 

Min 

Ma» 

Min 

Typ# 

Mak 

Min 

Max 

Unit 

Output  Voltage               "0"  Level 

vol 

5.0 

- 

0.05 

_ 

0 

0.05 

- 

0.05 

Vdc 

V|„  -  vDDorO 

10 

— 

0.05 

0 

0.05 

— 

0.05 

15 

— 

0.05 

_ 

0 

0.05 

— 

0.05 

"1"  Level 

v0h 

5.0 

4.95 

— 

4.95 

5.0 

4.95 

— 

Vdc 

V,„  .  0  or  Vqq 

10 

9.95 

— 

9.95 

10 

9.95 

— 

15 

14.95 

— 

14.95 

15 

14.95 

— 

Input  Voltage                    "0"  Level 

V|L 

Vdc 

(Vq  -  4.5  or  O.S  Vdc) 

5.0 

_ 

1.5 

2  25 

1.5 

1.5 

(Vq  -  g.Oor  1.0  Vdc) 

10 

_ 

3.0 

4.50 

3.0 

— 

3.0 

(V0  -  13.5  01  1.5  Vdcl 

15 

- 

4.0 

_ . 

6  75 

4.0 

— 

4.0 

"1"  Level 

V|H 

(Vq  -  0.5  or  4.5  Vdc) 

5.0 

3.5 

— 

3.5 

2.75 



3.5 

— 

Vdc 

(Vq  -  1.0  or  9.0  Vdc) 

10 

7.0 

— 

7.0 

5.50 



7.0 

— 

(Vq  -  1.5  or  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 



11.0 

— 

Output  Drive  Current  IAL  Device) 

'OH 

mAdc 

IVqh  -  2.S  Vdcl  Source 

SO 

-3.0 

— 

-2.4 

-4.2 

_ 

-1.7 

— 

IVoH  =  4-6  v<fc' 

5.0 

-0.64 

- 

-0.51 

-0.88 



-0.36 

— 

IVqh  "9-5  Vdcl 

10 

-1.6 

— 

-1.3 

-2.25 

_ 

-0.9 

— 

IVqh"  13  5  Vdc) 

15 

—  4.2 

— 

-3.4 

-8.8 

- 

-2.4 

— 

(VOL-0.4Vdc>  Sink 

'OL 

5.0 

0.64 

— 

0.51 

0.88 

— 

036 

— 

mAdc 

IV0L  =  0.5  Vdc) 

10 

1.6 

— 

1.3 

2.25 

— 

0.9 

<vql  =  '-s  vdc) 

15 

4.2 

3.4 

88 

— 

2.4 

Output  Drive  Current  (CL/CP  Device) 

*OH 

mAdc 

*"OH     *•**  V«CI  oOurce 

5.0 

—  2.5 

-2.1 

-4.2 

— 

—  1.7 

(Vqh  ™  4.6  Vdcl 

5.0 

—0.52 

-0.44 

-0.88 

— 

—0.36 

(Vqh»9.S  Vdc) 

10 

—  1 .3 

-1.1 

-2.25 

— 

—  0.9 

IVnu"  13  5  Vdc) 

*    yij       ■ » ***** 

— ■  

15 

—  3.6 

—  3.0 

—  8.8 

-2.4 

'OL 

5  0 

0.44 

088 

— 

IVOL=0  5  Vdc) 

10 

1.3 

1.1 

2.25 

0.9 

(Vql=  15  Vdc) 

15 

3.6 

3.0 

8.8 

2  4 

Input  Current  Ocvicc) 

'in 

t — 

i  0.00001 

tO.1 

 — 

1 1 .0 

— Adc- 

Input  Current  (CL/CP  Device) 

'in 

15 

- 

103 

10  00001 

t0.3 

- 

il.O 

wAdc 

Input  Capacitance 

C,n 

— 

— 

5  0 

7.5 

— 

pF 

Win"  01 

Ouiescent  Current  (AL  Device) 

■do 

5.0 

— 

b  0 

0.010 

50 

— 

ISC 

MAdc 

(Per  Package) 

10 

— 

10 

0.020 

10 

— 

300 

15 

20 

0.030 

20 

— 

600 

Ouiescent  Current  (CL/CP  On  vice  I 

'DO 

SO 

— 

SO 

0.010 

SO 

- 

375 

jjAdc 

(Per  Package) 

10 

— 

100 

0.020 

100 

— 

750 

15 

200 

0.030 

200 

1500 

Total  Supply  Current* ' t 
(Dynamic  plus  Quiescent, 

»T 

5.0 
10 

lT  *  (1.18  uA/kHltl  >  i0D 
lT  '  (1.91  uA/kHi)  I  ♦  lDD 

fiAdc 

Per  Package) 

15 

IT  '  12-67  uA/kHi)  1  ♦  loo 

(C(,  "  50  pF  on  all  outputs,  all 

buffers  switching) 

Three-State  Leakage  Current 

<TL 

15 

i01 

-0  00001 

tO.1 

•3.0 

jjAdc 

IAL  Device) 

Three-State  Leakage  Current 

'TL 

IS 

11  0 

•  0.00001 

il.O 

175 

MAdc 

(CL/CP  Device) 

"TIOW  -  -  55'C  for  AL  Dovlco.  -  40*C  for  CUCP  Dovlco. 


Thfgh 


i  +125*C  forAL  Dovlco.  +  85*C  lor  CL/CP  Do  vice. 


tData  tobotlod  "Typ"  la  nol  lo  bo  usod  for  doslgn  purposoo  but  Is 
Intandad  as  an  Indication  of  tho  IC's  potontlal  porformonco. 

"Tho  formulas  glvon  aro  for  tho  typical  characteristics  onty  at  26*C. 
fTo  calculate  total  supply  currant  at  toads  othor  than  50  pF: 

■T<CL>  "  'T<so  PF)  +  (CL  -50)  Vlk 

whoro:  ly  is  In  llA  (por  packaga),  CL  In  pF.  V  -  (V0D  -  Vss)  In  volts, 
f  In  kHz  Is  Input  froquoncy,  and  k  -  0.004. 


This  device  contains  protection  cir- 
cuitry to  guard  against  damage  due 
to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  cir- 
cuit. For  proper  operation,  V[n  and 
vout  should  be  constrained  to  the 
range  VSS  <  (V(n  or  Vout)  <  Vqq. 
Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  Vss  or  VDD)-  Unused 
outputs  must  be  left  open. 
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SWITCHING  CHARACTERISTICS'  (CL°50  pF,  TA  =  25'C) 


Characteristic 

Symbol 

Vqd 

Mln 

Typ  0 

Max 

Unit 

Output  Rise  and  Fall  Time 

*TLH.  (THL 

ns 

!TLH-  1TNL  =  0-5  ns/pF)  CL+25  ns 

5.0 

100 

200 

tfLH.  *THL  =  (° ns/pF)  Cl+  12.5  ns 

(Figures  3  and  6) 

10 

50 

100 

tTi  u.  Itlii  =  (0  SS  ns/oFl  Ci  +9  5  ns 

15 

40 

60 

Propagation  Delay  Time 

tPLH.  *PHL 

5.0 

650 

1300 

flS 

Clock  to  Output 

(Figures  3  and  6) 

10 

250 

500 

15 

170 

340 

Write  Enable  Setup  Time 

tsu 

5-0 

eoo 

400 

~ * 

ns 

(Enabling  a  Write  or  Read] 

(Figure  5) 

10 

300 

150 

15 

200 

100 

Write  Enable  Removal  Time 

Vein 

5.0 

0 

- 1 00 

ns 

(uisaDitng  a  wnto  or  new) 

(Figure  5) 

10 

0 

-  50 

15 

o 

-  35 

Selup  Time** 

5.0 

50 

20 

ns 

Address.  Data  to  Clock 

(Figure  3> 

10 

30 

0 

15 

25 

0 



Hold  Time** 

th 

5.0 

480 

160 

ns 

Clock  to  Address,  Data 

(Figure  3) 

10 

195 

65 

15 

150 

50 

3-State  Enable/Disable  Delay  Time 

tPHZ.  lPLZ 

5.0 

130 

260 

ns 

*PZH.  lPZL 

10 

60 

120 

(Figures  4  and  7) 

15 

45 

90 

Clock  Pulse  Width 

»w 

5.0 

820 

410 

ns 

(Figure  3) 

10 

330 

165 

15 

220 

110 

'When  loading  repetitive  highs,  the  output  may  glitch  low  momentarily  after  the  rising  edge  ol  Clock.  However,  data  Integrity  remains 
unaffected  and  data  Is  valid  after  the  propagation  delays  listed  In  the  Switching  Characteristics  Table. 


FIGURE  1  -  OUTPUT  DRIVE  CURRENT  TEST  CIRCUIT 
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FIGURE  2  -  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORMS  (3-Stale  Inputs  a<e  Highl 
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FIGURE  6  —  TEST  CIRCUIT 
Q 


FIGURE  7  —  TEST  CIRCUIT 


Connect  to  VcC  whon  testing  tpL£  and  tpjt 
Connect  to  GND  when  testing  tp^z  and  tpzH 
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LOGIC  DIAGRAM 
910 
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TRUTH  TABLE 


Clock 

WE 

Write  1 

Wr.te  0 

Read  1A 

Read  0A 

Read  Ig 

Read  Og 

3  Stale  A 

3  State  B 

QnA 

OnB 

1 

0 

1 

0 

1 

0 

1 

1 

1 

t 

1 

1 

1 

0 

1 

0 

1 

0 

1 

t 

1 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

1 

1 

X 

No 

Change 

No 
Change 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

X 

Z 

Z 

0 

X 

X 

X 

X 

X 

X 

X 

1 

1 

X 

No 
Change 

No 
Change 

1 

X 

X 

X 

X 

X 

X 

X 

1 

t 

X 

No 
Change 

No 
Change 

1 

0 

0 

0 

1 

1 

0 

1 

t 

Dnto 
word  0 

Contents 
of  word  1 
displayed 

Contents 
of  word  2 
displayed 

0 

0 

0 

0 

1 

1 

0 

1 

1 

WordO 

not 
altered 

Contents 
of  word  1 
displayed 

Contents 
of  word  2 
displayed 

Z  =  High  Impedance 
X  e  Oon't  cats 
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MOTOROLA 


4-BIT  ARITHMETIC  LOGIC  UNIT 


The  MC14581B  is  a  CMOS  4-bit  ALU  capable  ol  providing  16  lunc- 
lions  ol  Iwo  Boolean  variables  and  16  binary  arithmetic  operations  on 
two  14-bit  words.  The  level  ot  the  mode  control  input  determines 
whether  the  output  lunclion  is  logic  or  arithmetic.  The  desired  logic 
lunction  is  selected  by  applying  the  appropriate  binary  word  to  the  se- 
lect inputs  (SO  thru  S3)  with  the  mode  control  input  high,  while  the  de- 
sired arithmetic  operation  is  selected  by  applying  a  low  voltage  to  the 
mode  control  input,  the  required  level  to  carry  in,  and  the  appropriate 
word  to  the  select  inputs.  The  word  inputs  and  function  outputs  can  be 
operated  with  either  active  high  or  active  low  data. 

Carry  propagate  (P)  and  carry  generate  (G)  outputs  are  provided  to 
allow  a  full  look-ahead  carry  scheme  for  fast  simultaneous  carry  genera- 
tion for  the  four  bits  in  the  package.  Fast  arithmetic  operations  on  long 
words  are  obtainable  by  using  the  MC 1 4582B  as  a  second  order  look  ahead 
block.  An  inverted  ripple  carry  input  (Cn)  and  a  ripple  carry  output 
(Cn+4)  are  included  for  ripple  through  operation. 

When  the  device  is  in  the  subtract  mode  (LHHL),  comparison  of 
two  4-bit  words  present  at  the  A  and  B  inputs  is  provided  using  the  A  ~  B 
output.  It  assumes  a  high-level  state  when  indicating  equality.  Also,  when 
the  ALU  is  in  the  subtract  mode  the  Cn+4  output  can  be  used  to  indicate 
relative  magnitude  as  shown  in  this  table: 


Data 

Level 

Cn 

Cn  ♦  4 

Magnitude 

H 

H 

A  <:  B 

Acttvt 

L 

H 

A  <  B 

High 

H 

L 

A  >  B 

L 

L 

a  a  B 

L 

L 

A    ~  B 

Active 

H 

L 

A  <  B 

Low 

L 

H 

A  >  B 

H 

H 

A  £  B 

•  Functional  and  Pinout  Equivalent  to  74181. 

•  Diode  Protection  on  All  Inputs 

•  All  Outputs  Buffered 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Vollagoa  Ftoforoncod  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltago 

-  0.5  to  f  18.0 

V 

Vin.  Vout 

Input  or  Output  Voltago  (DC  or  Transiont) 

-0.5  lo  VDD  *0  5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transiont).  por  Pin 

-  10 

mA 

Pa 

Powor  Dissipation,  por  Packagot 

500 

mW 

Tsto 

Storage  Tomporaturo 

-65  10  »150 

•c 

TL 

Load  Tomporaturo  (8-Socond  Soldoring) 

260 

■c 

'Maximum  Ratings  aro  thoso  values  boyond  which  damago  lo  lhu  dovico  may  occur 
t Tomporaturo  Dorating;  Plastic  "P"  Packago:  -  t2mW/"C  from  65"C  lo  85X 

Coramic  "L"  Packago:  -  IZmW/'C  from  100UC  lo  125°C 


MC14581B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOS) 


4-BIT  ARITHMETIC  LOGIC  UNIT 


ORDERING  INFORMATION 

A  Series:  -5S*C  lo  +  125°C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40'C  to  +8S'C 

MC14XXXBCP  (Plaatic  Package) 
MC14XXXBCL  (Ceramic  Package) 


PIN  ASSIGNMENT 

w 

1 

C= 

BO 

ZZ12* 

2 

r=: 

AO 

A1 

ZZI23 

3 

S3 

B1 

ZZI22 

4 

cz 

S2 

A2 

=121 

5 

L= 

S1 

92 

ZZI20 

6 

c= 

so 

A3 

ZD  19 

7 

cz 

Cn 

B3 

=□  18 

B 

rzz 

MC 

G 

=3  17 

9 

CZ 

F0 

Cn*4 

=3  16 

10 

CZ 

Fl 

P 

=315 

11 

cz: 

F2 

A  -  B 

=□14 

12 

vSs 

F3 

=1  13 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Roforoncod  to  vss) 


vDO 

Tlow* 

2S°C 

Thigh" 

Cltsr  sctsristic 

9yiTlDOI 

Vdc 

Min 

Max 

Min 

Typ# 

Max 

Min 

Mix 

• 

Unit 

Output  Voltage               "0"  Level 

vol 

5.0 

- 

0.05 

_ 

0 

0.05 

_ 

0.05 

Vdc 

Vjn- Vooor0 

10 

- 

0.05 

- 

0 

0.05 

_ 

0.05 

IS 

- 

0.05 

- 

0 

0.05 

- 

0.05 

"I"  Lave! 

voh 

5.0 

4.95 

- 

4.95 

S.O 

_ 

4.95 

_ 

Vdc 

10 

9.95 

- 

9.95 

10 

- 

9.95 

_ 

15 

14.95 

- 

14.95 

15 

- 

14.95 

_ 

Input  Voltage                    "0"  Level 

VlL 

Vdc 

(V0  =  4.5of  0.5  Vdc) 

5.0 

1.S 

_ 

2.25 

1.5 

_ 

15 

IVo  =  9.0or  1.0  Vdcl 

10 

- 

3.0 

- 

4.50 

3.0 

- 

3.0 

(V0«  13.5  or  1.5  Vdc) 

15 

- 

4.0 

- 

6.75 

4.0 

- 

4.0 

"1"  Level 

VIH 

(Vq  a  0.5  or  4.5  Vdc) 

5.0 

3.5 

- 

3.5 

2.75 

- 

3.5 

- 

Vdc 

(Vq  -  1  ,o  or  9.0  Vdc) 

10 

7.0 

- 

7.0 

5.50 

- 

7.0 

- 

t'O      1  .9  Or  U.O  VOCI 

11.0 

- 

11.0 

8.25 

— 

11.0 

- 

Output  Drive  Current  (AL  Device) 

'OH 

 —  

mAdc 

(Vqh  —  2.5  Vdc)  Source 

5.0 

-1.2 

- 

-1.0 

-1-7 

- 

-0.7 

- 

(V<)H™  4.6  Vdc) 

5.0 

-0.64 

- 

-0.51 

-0.88 

- 

-0.36 

- 

(vqh  vaci 

10 

-1.6 

- 

-1.3 

-2.25 

- 

-0.9 

- 

15 

-4.2 

- 

-3.4 

-8.8 

— 

-2.4 

— 

(Vql  a  0.4  Vdc)  Sink 

'OL 

5.0 

0.64 

- 

0.51 

0.88 

- 

0.36 

- 

mAdc 

IV/-.,    _  ft  C  WH-I 

10 

1.6 

1.3 

2.25 

0.9 

1  Vql  =  1 .5  Vdc) 

15 

4.2 

3  4 

8  B 

2  4 

Output  Drive  Current  (CL/CP  Dovice) 

— ;  

•OH 

mAdc 

(V0H  =  2.5  Vdc)  Source 

5.0 

—1  0 

-0  8 

—1  7 

-0.6 

(VoH-4-6  Vdcl 

5.0 

—0.52 

—0.44 

 0  88 

—  0  36 

(V0H=  9-5  Vdcl 

10 

—  1.3 

—  1.1 

—  2.25 

—0.9 

(V0H=  '3-5  Vdcl 

IS 

-3.6 

-3.0 

-8.8 

-2.4 

IVql  "  0.4  Vdc)  Sink 

'OL 

5.0 

0.52 

0.44 

0.88 

0.36 

mAdc 

(V0L  =  0.5  Vdc) 

10 

1.3 

1.1 

2.25 

0.9 

(Vol  =  15  Vdc) 

15 

3.6 

3.0 

8.8 

2.4 

Input  Current  (AL  Device) 

■in 

IS 

tO.1 

10.00001 

lO.I 

1 1.0 

*jAdc 

Input  Current  (CL/CP  Device) 

■in 

IS 

103 

10.00001 

10.3 

1 1.0 

MAdc 

Input  Capacitance 

c- 
**in 

- 

- 

SO 

7.5 

- 

pF 

Quiescent  Current  (AL  Device) 

ioo 

5.0 

5.0 

0.005 

SO 

ISO 

fiAdc 

10 

10 

0.010 

10 

300 

15 

20 

0.016 

20 

600 

Outescent  Current  (CL/CP  Device) 

'00 

5.0 

20 

0.005 

20 

150 

fiAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

IS 

80 

0.01  S 

80 

600 

Total  Supply  Current* "  t 

"T 

5.0 

iT"HBuA/«Hi)l*  Iqd 

jtAdc 

(Dynamic  plus  Ouiescent. 

10 

ly  •  (3.7  uA/kHil  1  ♦  lD0 

Per  Package) 

15 

IT  -  (5.5  uA/kHi)  1  ♦  lDD 

(C|_  =  50  pF  on  all  outputs,  all 

buffers  switching) 

'Tlow  "  -  55*0  tor  AL  Device.  -  40*C  tor  CUCP  Device. 
Thlch_  +  12S*C  lor  AL  Oovico.  +35"C  for  CUCP  Oevlco. 

#Dato  labelled  "Typ"  Is  not  to  bo  used  for  design  purposes  but  Is 
Intended  as  an  indication  of  the  IC's  potential  performanco. 


"The  formulas  given  era  tor  the  typical  characteristics  only  at  26'C. 
tTo  calculate  total  supply  curront  at  loads  other  than  SO  pF: 

ItW  -  iTtSOpF)  *  (CL  -S0)Vlk 

where:  ly  Is  In  t^A  (per  packago),  Cl  in  pF,  V  -  (Vqq-  V33)  in  volts, 
f  In  kHz  Ea  Input  frequency,  and  k  -  0.008. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  How- 
ever, precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
Impedance  circuit.  For  proper  operation,  V|n  and  Vout  should  be  constrained  to  the  range  Vss  *  (vln  or  Vout)  «  Vqq. 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD>-  Unused  outputs  must 
be  left  open. 
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SWITCHING  CHARACTERISTICS*    (CL  -  50  pF.  TA  -  2S°C) 


Characteristic 

Symbol 

voo 

Min 

Typo 

Max 

Unit 

Output  Riso  and  Fall  Time 

'TLH- 

200 

ns 

<TLH.  'THL  -  <1-5  ns/pF)  CL  +  25  ns 

'THL 

5.0 

100 

IjLH.  'THL  "  (0-75  na/pF)  C|_  +  12.5  no 

10 

- 

50 

100 

'TLH'  'THL  ~  (°-55  ns/pF)  C).  +  9.5  ns 

15 

- 

40 

80 

Propagation  Delay  Time 

•PLH, 

ns 

Sum  in  to  Sum  Out 

'PHL 

'PLH,  'PHL  "  "-7  nf/pF)  C|_  +  620  n» 

5.0 

_ 

705 

1410 

'PLH,  'PHL  "  I0-68  nt/pFI  Cl  +  217  m 

10 

- 

250 

600 

'PLH,  'PHL  *  '°'5  ns/pFI  C|_  +  155  ns 

15 

- 

180 

360 

Sum  in  to  Sum  Out  1  Logic  Mode) 

•PLH, 

ns 

'PLH,  <PHL"  (1-7  n«'PF>  Cl  +  S20n» 

'PHL 

5.0 

- 

605 

1210 

'PLH.  'PHL  "  l0-66  ni/pF)  CL  +  182  m 

10 

- 

215 

430 

'PLH^'PHL"  105  m/pFI  Cl+  155  ns 

15 

- 

180 

360 

Sum  in  to  A  "  B 

'PLH, 

ns 

'PLH,  'PHL  "        ns/pF)  Cl  +  870  ns 

«PHL 

5.0 

- 

955 

1910 

'PLH,  'PHL  "  '0  66  n»'PF'  CL  *  297  ni 

10 

- 

330 

660 

'PLH,  'PHL  "  10  5  nt/pF)  Cl  +  220  m 

15 

- 

245 

490 

Sum  In  to  P  or  6 

'PLH, 

ns 

'PLH, 'PHL  "  <''7  n»/pF)C|_  + 400  ns 

•PHL 

5.0 

_ 

485 

970 

«PLH.  'PHL  "  '°-66  ns/pF)  C|_  +  147  ns 

10 

- 

180 

360 

'PLH,  'PHL  '  <0-5  «*/PFI  Cl  +  105  ns 

15 

- 

130 

260 

Sum  In  to  Cn44 

'PLH 

ns 

'PLH,  'PHL  "  I'-7  ns/pF)  Cl  +  530  ns 

5.0 

- 

615 

1230 

'PLH,'  'PHL  "  <0'66  "«/pFI  Cl  +  187  ns 

10 

220 

440 

<PLh!  'PHL  *  10  6  ns/pF)  Cl  +  135  ns 

15 

160 

360 

Carry  In  to  Sum  Out 

•PLH. 

ns 

'PLH,  «PHL  "  I'-7  ni/pF)  Cl  +  295  ns 

•PHL 

5.0 

3B0 

760 

•PLh',  'PHL  "  'O-66  «>»/pFI  Cl  +  1 12  ns 

10 

145 

280 

'PLH,  'PHL  "  <°'B  ns/pF)  Cl  +  80  ns 

15 

106 

210 

Carry  in  to  Cn+4 

•PLH. 

ns 

•PLH,  'PHL  "  I''7  w/pFI  Cl  +  220  ns 

•PHL 

5.0 

305 

610 

'PLH,  'PHL  "  I0-66  ns/pF)  Cl  +  87  ns 

10 

120 

240 

'PLH,  'PHL  "  ,0-s  rw/pFI  Cl  +  60  ns 

15 

85 

170 

"Tho  formulas  gtvon  aro  for  tho  typical  characteristics  only  at  25*C. 


#0ata  labollod  "Typ"  is  not  to  bo  uaod  lor  design  purposes  but  Is 
Intondod  ss  sn  Indication  of  tho  IC's  potential  porformsnco. 


AC  TEST  SETUP  REFERENCE  TABLE 


TEST 

AC  PATHS 

DC  DATA  INPUTS 

MODE 

FIG.  3 
WAVEFORM 

INPUTS 

OUTPUTS 

TOVSS 

tovdd 

Sumin  to  Sumout 
Delay  Time 

AO 

AnyF 

Remaining  A's 
Cn 

All  B's 

Add 

#1 

Sum  jn  to  P 
Delay  Timo 

AO 

P 

Remaining  A's 
Cn 

All  B's 

Add 

#1 

Sumin  lo  5 
Delay  Time 

B0 

G 

All  A's 
Cn 

Remaining  B's 

Add 

#1 

SumintoCn+4 
Delay  Time 

B0 

Cn+y 

All  A's 
Cn 

Remaining  B's 

Add 

#2 

Onto  Sumout 
Delay  Time 

Cn 

Any  F 

All  A's 

All  B's 

Add 

#1 

Cn'oCn+4 
Delay  Time 

Cn 

Cn  +  4 

All  A's 

All  B  's 

Add 

#1 

Sumin  to  A  =  B 
Delay  Time 

AO 

A  =  B 

All  B's  _ 
Remaining  A's 

Cn 

Sub 

#2 

Sumin  to  Sumout 
Delay  Time 
(Logic  Mode) 

§0 

Any  F 

All  A's 

M 

Exclusive 
OR 

#2 

6-487 


MC14581B 


FIGURE  1  -  TYPICAL  SOURCE  CURRENT  TEST  CIRCUIT 


FIGURE  2  -  TYPICAL  SINK  CURRENT  TEST  CIRCUIT 


vo0 


LOW  for 
•II  outputs 
except  Cn+4 


vDOO 


Voul  "  VOL 

o 


SO  SI  S2  S3 

AO 

At 

FO 

A3 

Fl 

A3 

F2 

BO 

F3 

B1 

A  -  8 

62 

Co.  4 

B3 

G 

Cn 

F 

MC 

External 
Power 
Supply 


FIGURE  3  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


Pulse 

Generator 


r 


See  AC  T«t 
Setup 
Reference 
Table 
tor  Connection* 


SO  SI  S2  S3 

AO 

Po 

A1 

A2 

F1 

A3 

F2 

BO 

F3 

81 
82 

A  ■  8 

B3 

Cn 

G 

P 

MC 

^ L 

«n  nB  -1- 


)  Load  A 

>  Loud  A 

>  Load  A 

>  Load  A 

>  Load  A 

>  Load  A 

>  Load  A 

>  Load  A 


FIGURE  4  -  DYNAMIC  POWER  DISSIPATION  TEST  CIRCUIT  AND  WAVEFORM 

vODO 


Duty  Cvcla  -  50% 


>  Load  A 

>  Load  A 
)  Load  A 
)  Load  A 

)  Load  A 

>  Load  A 
3  Load  A 

>  Load  A 


50  pF^ 
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Function 
Select 
I  nputt 


BLOCK  DIAGRAM 
(ACTIVE  LOW) 


A2 

A3 


2 
23 
21 
19 

i  o — <4bo 

22  < 

20  O  CJB2 

IB  < 

C„ 
MC 


SO  SI  S2  S3 
AO 


FO 
F1 
F2 
F3 

A  ■  B 
cn.4 

5 


VrjO  ■  P'n  2* 
VSS  •  Pin  12 


Output 
F  unction 


31a  Companion  Output 
3  16    Ripplo  Carry  Output 


3W  I  Look  A 
315  fC'"V° 


hud 
Outputs 


BLOCK  DIAGRAM 
(ACTIVE  HIGH) 


09 
010 


314 
016 


TRUTH  TABLE 


INPUTS/OUTPUTS  ACTIVE  LOW 

INPUTS/OUTPUTS  ACTIVE  HIGH 

FUNCTION 

LOGIC 

ARITHMETIC- 

LOGIC 

ARITHMETIC- 

SELECT 

FUNCTION 

FUNCTION 

FUNCTION 

FUNCTION 

S3 

S2 

SI 

SO 

IMC  *  HI 

IMC  '  L.  C„  «  LI 

(MC  -°  HI 

IMC-L.C„-HI 

L 

L 

L 

L 

A 

A  minus  1 

A 

A 

L 

L 

L 

M 

AB 

AB  minus  1 

aTb 

A*B 

L 

L 

M 

L 

A«B 

AB  minus  1 

AB 

A*B~ 

L 

L 

H 

M 

Logic  "1" 

minus  1 

Logic  "0" 

minus  1 

L 

H 

L 

L 

K*B 

A  plus  (A.BI 

AB 

A  plus  AB 

L 

M 

L 

H 

B 

AB  plus  (A.BI 

B 

(A.B)  plus  AB 

L 

M 

H 

L 

A  ©  B 

A  minus  B  minus  1 

A  ©  8 

A  minus  B  minus  1 

L 

H 

H 

H 

A. 5 

A*B 

AO 

AB  minus  1 

H 

L 

L 

L 

A8 

Aplu.(A'B) 

A«8 

A  plus  AB 

H 

L 

L 

M 

A  ©  B 

A  plus  B 

A  ©  B 

A  plus  B 

H 

l_ 

M 

L 

B 

AB  plus  1  A*B1 

B 

(A.BI  plus  AB 

H 

L 

M 

M 

A*B 

A.B 

AB 

AB  minus  1 

H 

H 

L 

L 

Logic  "0" 

A  plus  A 

Logic  "1" 

A  plus  A 

H 

M 

L 

H 

AB 

AB  plus  A 

A.B 

(A.BI  plusA 

H 

H 

M 

L 

AB 

AB  plus  A 

A«B 

IA*B)  plus  A 

H 

H 

H 

H 

A 

A 

A 

A  minus  1 

Expressed  «>  two's  complements.  For  arithmetic  function  with  Cn  In  the 
opposite  state,  the  resulting  function  ft  as  shown  plus  1. 
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LOOK-AHEAD  CARRY  BLOCK 

The  MC14582B  is  a  CMOS  look-ahead  carry  generator  capable  of 
anticipating  a  carry  across  four  binary  adders  or  groups  of  adders. 
The  device  is  cascadable  to  perform  full  look -ahead  across  n-bit  ad- 
ders. Carry,  generatecarry.  and  propagate  carry  functions  are  pro- 
vided as  enumerated  in  the  pin  designation  table  shown  below. 

•  Expandable  to  any  Number  of  Bits 

•  All  Buffered  Outputs 

•  Low  Power  Dissipation 

•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-Power 
Schollky  TTL  Load  over  the  Rated  Temperature  Range 


MAXIMUM  RATINGS*  (Vollages  Referenced  lo  vss) 


Symbol 

Parameter 

Value 

Unit 

vDd 

DC  Supply  Voltage 

-0.5  to  *  18.0 

V 

Input  or  Oulput  Voltage  (DC  or  Transient) 

-0.5  to  VDD  +  0.5 

V 

■liv  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±  10 

mA 

PD 

Power  Dissipation,  per  Packaget 

500 

mW 

'alt] 

Storago  Temperature 

-65  10  »  150 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
fTomperature  Derating:  Plastic  "P"  Package:  -12mW/"C  trom  65°C  to  85°C 

Ceramic  "L"  Package:  -12mW/°C  trom  100'C  to  125*C 


LOGIC  EQUATIONS 

C„,„  ■  GO  ♦  (Pb  •  C„l 

C„,v  -  G1  •  IP1  •  G0I  ■>•  (PI  •  P0«  Cn) 

Cn,,  -  G2  ♦  (F5  •  G1)  ♦  (P2  •  PI  •  5B)  +  (P2  •  PI  •  P0  •  Cn) 
G  -  G3  ♦  (P3  •  G2)  *  (P3  •  P2  •  G 1 )  +  (P 1  •  P2  •  P3  •  GO) 
P"-P3«P2»Pl»PB 


PIN  DESIGNATIONS 


DESIGNATION 

PIN  NO'S 

FJNCTION 

go.5~i.g5.  53 

3.1,14.5 

Activa-Law 
Car rvGenaraie  Inputi 

P0.P1.P2.P3 

4.2.15.6 

Activfl-Low 
Carry  Propagata  Inputi 

c„ 

13 

Carry  Input 

Cn* x-  ^ n* V 

12.1 1.9 

Carry  Output! 

G 

10 

Activa-Law  Group 
Carry -Ganarata  Output 

P 

7 

Actlva-Low  Group 
Carry  Propagata  Output 

MC14582B 


CMOS  MSI 

(LOW-POWER  COMPLEMENTARY  MOSI 

LOOK-AHEAD  CARRY  BLOCK 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 


CASE  648 
ORDERING  INFORMATION 

A  Sorlss.  -55'Cto  +125"C 
MC14XXXSAL  (Ceramic  Package  Only) 

C  Sories:   -40'Cto  -4-65*0 
MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  lo  Vss) 


Vdd 

Tlow- 

25*C 

Thl 

ah* 

Characteristic 

Symbol 

Vdc 

Mtn 

Max 

Ml 

Typ# 

Max 

Min 

Max 

Unit 

"0"  Level 

VOL 

5  0 

— 

0.05 

 — 

— 

0 

0.05 

0.05 

Vdc 

V|n  -  Vqd  or  0 

10 

0.05 

0 

0.05 



0.05 

15 

0.05 

 2  

— 

0.05 

Leve 

vOH 

5  0 

4.95 

— 

4.95 

5.0 

— 

4.95 

Vdc 

vln    UB  VDD 

10 

9.95 

9.95 

10 

9.95 

15 

14.95 

14.95 

15 

14.95 

— 

Input  Voltage 

0  Level 

V(L 

Vdc 

|VQ  =  4.0  or  0.0  VCC) 

5.0 

— 

15 

— 

2.25 

1.5 

1.5 

[VQ  0  V.U  Of  1  .U  VOCJ 

— 

3.0 

— 

4.50 

3.0 

3.0 

11   IMV  1.9  VW.J 

15 

4.0 

675 

4.0 

4.0 

1  Level 

V|H 

Vdc 

(V0       U.3  Of  4.0  VOC) 

5.0 

3.5 

— 

3.5 

2.75 

— 

3.5 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

7.0 

5.50 

7.0 

(Vo  =  1.5  or  13.5  Vdc) 

15 

1 1.0 

11.0 

8.25 

11.0 

_ 

Output  Drive  Current  (AL  Device) 

•OH 

mAdc 

(Voh  -  2.5  Vdc) 

Source 

-3.0 

— 

-2.4 

-4.2 

- 1.7 

(Voh  -  4.6  Vdc) 

5.0 

-0.64 

— 

-0.51 

-0.88 

— 

—  0.36 

(VOH  =  9.5  Vdc) 

10 

- 1.6 

— 1.3 

—  2.25 

-0.9 

(Voh  - 13.5  vdc) 

15 

-4.2 

-3.4 

—  B.8 

-2.4 

_ 

(Vol  =  0.4  vdc) 

Sink 

WL 

5.0 

0.64 

— 

0.51 

0.88 

— 

0  36 

mAdc 

(Vol  -  0.5  vcc) 

10 

1  6 

1  3 

2.25 

0.9 

(Vol  - 1.5  vdc) 

15 

4.2 



3.4 

8.8 



2.4 

_ 

Output  Drive  Current  (CL/CP  Device) 

lOH 

mAdc 

(Voh  =  2  5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

-1.7 

— 

(Voh  =  4.6  vdc) 

5.0 

-0.52 

— 

-0.44 

-0.88 

— 

-0.36 

(Voh  =  9-5  vdc) 

10 

-1.3 

— 

-1.1 

-2.25 

— 

—  0.9 

(Voh  -  13  5  vdc) 

15 

-3.6 

— 

-3.0 

-8.8 

-2.4 

(Vol  =  0.4  vdc) 

Sink 

'OL 

5.0 

0.52 

— 

0.44 

0.88 

— 

0.36 

mAdc 

(Vol  =  o-s  vdc) 

10 

1.3 

— 

1.1 

2.25 

(Vol  =  «-5  vdc) 

15 

3.6 

3.0 

8.8 

2.4 



Input  Current  (AL  Device) 

lln 

15 

— 

±0.1 

±0.00001 

±0.1 

±1.0 

/lAdc 

Input  Current  (CUCP  Device) 

'In 

15 



±0.3 

±0.00001 

±0.3 

— 

±1.0 

pAdc 

Input  Capacitance 

Qn 

_ 

5.0 

7.5 

— 

— 

pF 

Mn  -  0) 

Quiescent  Current  (AL  Device) 

IDD 

5.0 

5.0 

0.005 

5.0 

150 

Arte 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

IDD 

5.0 

20 

0.005 

20 

150 

fiAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

Total  Supply  Current"! 

IT 

5.0 

IT  =  (1.4  pAMiz)  f  +  IDD 

pAdc 

(Dynamic  plus  Quiescent, 

10 

It  =  (£8  jiAfkHz)  f  +  Idd 

Per  Package) 

15 

it  =  (4.3  ,iA/kHz)  f  +  idd 

(C|_  =  50  pF  on  all  outputs. 

ail  buffers  switching) 

*Tlow-  -35*C(or  AL  Dovlco,  -40'C  (or  CL/CP  Oovlco. 
Thigh-  +  125*C  for  AL  Dovlco.  +  85"C  for  CL/CP  Dovlco. 

#Data  tabotlod  "Typ"  is  not  to  bo  uaod  for  design  purposes  but  Is 
Intondod  as  an  Indication  of  trto  IC's  potontlal  porformanco. 


"Tfto  formulas  (Jivon  aro  for  the  typical  characteristics  only  at  25*C. 
fTo  calculate  total  supply  curront  at  loads  othor  than  SO  pF: 

whoro:  I7  Is  In  txA  (por  paekaga),  Cl  in  pF,  V  -  <Vr>f)  -  Vgg)  in  volts. 
I  in  kHz  la  Input  froquoncy.  and  k  •  0.005. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  How- 
ever, precautions  must  be  taken  to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
Impedance  circuit.  For  proper  operation,  V|n  and  V0U|  should  be  constrained  to  the  range  Vss  *  <vin  or  vout)  *  VDD- 
Unused  Inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD)-  Unused  outputs 
must  be  left  open. 
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SWITCHING  CHARACTERISTICS*    (CL  -  50  pF,  TA  -  25°CI 


Characteristic 

Symbol 

V00 

Min 

tvp# 

Max 

Unit 

Output  Rlso  and  Fatl  Tlmo 

'TLH. 

ns 

•TLH.  'THL  -  <1S  na/pF)  CL  +  25  ns 

'THL 

5.0 

100 

200 

'TLH.  tTHL  -  (°-7s  na/pF)  Cl  +  12.S  ns 

10 

50 

100 

'TLH-  'THU  =  ("  55  K»/pF)  C[_  +  9.S  ns 

IS 

40 

80 

Propagation  Delay  Time 

«PLH. 

ns 

«PLH.  <PHL  "  I'-7  n»/pF)  Cl  +  260  ns 

«PHU 

5.0 

345 

690 

tPLH*  'PHL  "  <"-66  ns/pF)  Cl  + 107  n» 

10 

140 

280 

IPLH.  tpHL  "  '°-5  ns/pF)  Cl  +  85  ns 

15 

110 

220 

"Tho  formulas  glvon  ero  (or  tho  typical  charactoristlcs  onty  at  25"C. 


#Data  tsbottod  "Typ"  Is  not  to  bo  usod  for  design  purposes  but  is 
Intended  as  an  Indication  ol  tho  IG's  potontial  performance. 


FIGURE  1  -  DYNAMIC  POWER  DISSIPATION 
TEST  CIRCUIT  AND  WAVEFORM 


Pul&e 
Generator 


Cm 
-O-C  GO 

>^>c|gi 

G2 
G3 
P0 
PI 
P2 
P3 


-O-C 


P 

a 


I 


— 1  £ 


FIGURE  2  -  SOURCE  CURRENT  TEST  CIRCUIT 


FIGURE  3  -  SINK  CURRENT  TEST  CIRCUIT 


16o«oo 


Voui  ■  V0H 

o 


GO 

G1 

G2 

G3 

P0 

P 

PI 

P2 

G 

P3 

External 
Power 
Supply 


o 


GO 

G1 

^n*v 

G2 

G3 

Cn+I 

P0 

P 

PI 

P2 

G 

P3 

External 
Power 
Supply 
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FIGURE  4  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 

TEST  TABLE 


PulM 
Gtnt'ttor 


Sn 
T«l< 


Cm 

CO  Cn. 


G3  C„., 
PO 


•*\-o  Ci_L 


AC  PATHS 

DC  OAT  A 

INPUT 

OUTPUT 

ToVss 

To  VD0 

?0 

r 

"•■■.Cn 

G't 

So 

C 

P'..C„ 

n«m»inmg 

G"'» 

Cn 

cn«  *•  Crt.y 

c„., 

F, 

Gi 

"  /  S0*\ 

 J1  V! 


—I   1   1—  «TI 


«TLM 


«THL 


TYPICAL  APPLICATIONS 


10  SM  ALU.  Awpi*  C.«Y 
MC1WBW  — — 


G  P 


tt  i  nnr  I  nnr  nrr 


00*0  Cn»B  01  PI  C„.v  02  P2  Cn*t  03  P3 
n  MCI  460  20 

G  P 

 TT 


tfl  Oil  ALU.  Two  L«v«  Loe*  AttMd 


"op 

n 

■  Cn 

0  P 

n 

-  c„  r 

0  P 

n 

-  Cn  C„.4  Cn  - 
C   P     1  OP 

-  C„  r 
0  P 

n 

-  C„                 r  C„    Cft.4  — 
O   P       1  CP 

aoro  c„, 
—  c„ 

»     at  pi  cn. 

MC14 

v        0}  *2  C„ 
S92& 

,  03  P3  GO  PO  Cn« 
G  P 

„      01  PI  c„, 
M 

v        02  P2  Cn»i        OS  P3 
C14M2B 

O  P 

TT 


33  Bit  ALU,  Tuvo-LMI  Look  'Ah«M  Ow  tftfttl  Oroup* 
^— — ^— — MCI  AM  IS  ■ 


tt  nnr  nnr  nnr 


O  P 

O0P< 

1  C^. 

Ol  P»  C„#y  02PJ 

03  P3 

Cn 

MC14M29 

a  p 

c„ 

G  P 

n 

r  Cn 

a  p 

n 

copo  cn.,      at  pi  c„.v  i 

L_ ~  cn                    MCI  AMI  B  ( 

CombinM  m»ImI  look  a***4  «nd  'WpM-cwv  ALU 


Cn 

a  p 

II 

r  Cn 

a  p 

II 

-  «« 

a  p 

II 

G  P 

n [ 

Cn 

O  P 

II 

r  Cr> 

a  p 

II 

r  Cn 

O  P 

II 

rCn  r 

G    P  1 

II  L 

O  P 

1  II 

aopocnta       ai  pt  cn.v      asrs  c„t,      oa  pa 

" ~  C»  MC14M3B 

a  r 

OOPO  Cn*n        0»  PI  Cn*y        02  P2  C„*t       03  P3 
*-  C«                                  MC 149020 

a  p 

OOPO      c„.«  J 
"  Cn    MC14U2B  ( 

n 

00  PO  c 

—  c„ 

II 

♦m                                                          ai  pi  c 

MC14382B 

A  and  B  input*  and  f  ouiowh  •*«  not  thown  (MC 140010). 


•4-Bit  ALU.  Fwll-Cvrv  LOCA  AJiMO  In  TnnM  L«*«*- 
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DUAL  SCHMITT  TRIGGER 

The  MC14583B  is  a  dual  Schmitt  trigger  constructed  with  com- 
plementary P-channel  and  N-channel  MOS  devices  on  a  monolithic 
silicon  substrate.  Each  Schmitt  trigger  is  functionally  independent 
except  for  a  common  3-state  input  and  an  internally-connected  Ex- 
clusive OR  output  for  use  in  line  receiver  applications.  Trigger  levels 
are  adjustable  through  the  positive,  negative,  and  common  terminals 
with  the  use  of  external  resistors.  Applications  include  the  speed-up 
of  a  slow  waveform  edge  in  interface  receivers,  level  detectors,  etc. 


•  Diode  Protection  on  All  Inputs 

•  Supply  Voltage  Range  =  3.0  Vdc  to  18  Vdc 

•  Single  Supply  Operation 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  Over  the  Rated  Temperature  Range 

•  Resistor  Adjustable  Trigger  Levels 


MAXIMUM  RATINGS*  (Voltagos  Roloroncod  to  VSs) 


Symbol 

Parameter 

Value 

Unit 

V0D 

DC  Supply  Voltage 

-0.5  to  *  1B.0 

V 

^in-  voul 

Inpul  or  Output  Voltago  (DC  or  Transient) 

-0.5  to  Vdd  tO.S 

V 

'in-  'oul 

Input  or  Output  Curront  (DC  or  Transient),  per  Pin 

-  10 

mA 

PD 

Power  Dissipation,  par  Package! 

500 

mW 

Tstg 

Storage  Temperaturo 

-65  to  -r  150 

•c 

TL 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
fTemperature  Derating:  Plastic  "P"  Package:  -  12mW/"C  (rom  65SC  to  85X 

Ceramic  "L"  Package:  -  12mW/"C  from  100"C  to  125*C 


LOGIC  DIAGRAM 

Potltiv*  A   6    5  Negative  A 

9  7  Common  A 


9  9         9  7  Commoi 


Output  Dlwbl* 


— i> — D*5 — °n  iou 


B,„  ISO  ^ 


-O  14    Exclutivt  OB 


-O10  BOUI 


— {>  U> — °"  sou, 


6  0 

Positive  B2  2  3        1  Common  i 
Negative 


VDD  -  fin  IB 
VSS  "  p,n  B 


MC14583B 


CMOS  SSI 

(LOW  POWER  COMPLEMENTARY  MOSI 

DUAL  SCHMITT  TRIGGER 


L  SUFFIX 
CERAMIC  PACKAGE 


P  SUFFIX 
PLASTIC  PACKAGE 


CASE  620  CASE  648 

ORDERING  INFORMATION 

A  Series;  -55*Clo  +  125°C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -  40'C  to  +  85'C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 
6       5  7 


?       ?       9       VDD  -P.nl 
VSS  -  Pin  8 


BO  

APOI  ' 
Air, 

*N«g 

ACom 
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 O  11 
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© 

 a  14 

15  O  

B|„ 
Bpo. 

3N.g 

Bout 

BOUt 

BCom 

 o 

 O  12 

INPUTS 
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A 

B 

DTs 

'out 

"nut 

Bout 

Bn„l 

0 

0 

0 

0 

Z 

0 

Z 

0 

0 

0 

1 

0 

1 

0 

1 

0 
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1 

0 

0 

z 

1 

z 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

z 

0 

z 

1 

1 

0 

1 

1 

0 

0 

1 

1 

1 
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0 

1 

z 

1 

z 

0 

1 

1 

1 

1 

0 

1 

0 

0 

High  Impodanco  at  output 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  V$s) 


VDD 

Tlow* 

25"C 

Thl 

BIT 

Characteristic 

Symbol 

Vdc 

Mn 

Max 

MIn 

Typ# 

Max 

MIn 

Max 

Unit 

Output  Vottsgs 

"0"  Level 

vol 

5.0 

— 

0.05 

- 

0 

0.05 

0.05 

Vdc 

Vtn  =  Vnn  or  0 
in       uu  v  v 

10 

- 

0.05 

— 

0 

0.05 

0.05 

15 

— 

0.05 

— 

0 

0.05 

0.05 

"1"  Level 

voh 

5.0 

4  95 

- 

4.95 

5.0 

— 

4.95 

Vdc 

V(n  =  0  or  Vco 

10 

9.95 

— 

9.95 

10 

— 

9.95 

15 

14.95 

— 

14.95 

15 

— 

14.95 

Input  Voltage  A  and  B 

"0"  Level 

V|L 

Vdc 

(Vo  =  4.5  or  0.5  Vdc) 

5.0 



1.5 



2.25 

1.5 

'  5 

(Vo  =  9.0  or  1.0  Vdc) 

10 

— 

3.0 

— 

4.50 

3.0 

— 

3.0 

(vq  =  u.s  or  i  .3  vocj 

15 

— 

4.0 

— 

6.75 

4.0 

4.0 

"1"  Level 

V|H 

Vdc 

(Vo  =  0.5  Or  4.5  Vdc) 

5.0 

3.5 

— 

3.5 

2.75 

— 

3.5 

— 

\VQ  =  1.U  or  M.U  V0C) 

10 

7.0 

— 

7.0 

5.50 

— 

7.0 

(Vo  -  1.5  or  13.5  Vdc) 

15 

11.0 

— 

11.0 

8.25 

— 

11.0 

Output  Drive  Current  (AL  Device) 

ioh 

mAdc 

(Voh  =  2-5  Vdc) 

Source 

5.0 

-1.2 



-1.0 

-1.7 



-0.7 

(Voh  -  4.6  Vdc) 

50 

-0.25 

— 

-0.2 

-0.36 

— 

-0.14 

(Voh  =  9-5  Vdc) 

10 

-0.62 

— 

-0.5 

-0.9 

— 

—0.35 

(Voh  =  135  Vdc) 

15 

-1.8 

— 

-1.5 

-3.5 

— 

-1.1 

(Vol  -  o.a  vdc) 

Sink 

lOL 

5.0 

0.64 

- 

0.51 

0.88 

— 

0.36 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.6 

1.3 

2.25 

0.9 

(Vol  =  1.5  vdc) 

15 

4.2 

3.4 

8.8 

2.4 



Output  Drive  Current  (CL/CP  Device) 

ioh 

mAdc 

(Voh  =  2.5  Vdc) 

Source 

5.0 

-1.0 

-0.8 

-1.7 

_ 

-0.6 

— 

(Voh  =  4.6  vdc) 

5.0 

-02 

— 

-0.16 

-0.36 

— 

-0.12 

— 

(Voh  =  s.s  vdc) 

10 

-0.5 

— 

-0.4 

-0.9 

— 

-0.3 

(Voh  =  '3-5  vdc) 

15 

-1.4 

— 

-1.2 

-3.5 

— 

- 1.0 

(Vol  -  0.4  vdc) 

Sink 

lOL 

5.0 

0.52 

— 

0.44 

0.88 

— 

0.36 

— 

mAdc 

(Vol  -  0.5  vdc) 

10 

1.3 

— 

1.1 

2.25 

— 

0.9 

(Vol  =  i  s  vdc) 

15 

3.6 

— 

3.0 

8.8 

— 

2.4 

Input  Current  (AL  Device) 

■in 

15 

— 

±0.1 

±0.00001 

±0.1 

— 

±1.0 

jiAdc 

Input  Current  (CL/CP  Device) 

.  lin 

15 

£0.3 

±0.00001 

±0.3 

— 

±1.0 

pAdc 

Input  Capacitance 

Cin 



— 

— 

5.0 

7.5 





pF 

Mn  -  0) 

Quiescent  Current  (AL  Device) 

IDD 

5  0 

— 

0.25 

0.0005 

0.25 

7.5 

pAdc 

(Per  Package) 

10 

— 

0.50 

0.0010 

0.50 

15  0 

15 

1.00 

0.0015 

t.00 

30.0 

Quiescent  Current  (CL/CP  Device) 

too 

5.0 

— 

1.0 

0.0005 

1.0 

7.5 

/iAdc 

(Per  Package) 

10 

2.0 

0.0010 

2.0 

15.0 

15 

4.0 

0.0015 

4.0 

— 

30.0 

Total  Supply  Current"! 

it 

5.0 

rr  =  (1.33^ArkH2)l  +  tQD 

pAdc 

(Dynamic  plus  Quiescent, 

10 

IT  =  (265  jiA/Wte)  1  +  Iqd 

Per  Package) 

15 

rr  -  (3.98  MA/kHz)  1  +  Iqd 

(Ci_  =  50  pF  on  all  outputs. 

all  buffers  switching) 

Three-State  Leakage  Current 

hTL 

15 

±0.1 

±0.00001 

±0.1 

±3.0 

Adc 

(AL  Device) 

Three-Slate  Leakage  Current 

ITL 

15 

±1.0 

±0.00001 

±1.0 

±7.5 

pAdc 

(CL/CP  Device) 

*Ttow  "  -  55*c  tor  AL  Dovlco.  -  40*C  for  CL/CP  Dovieo. 


PIN  ASSIGNMENT 


■high' 


+ 1 25*C  tor  AL  Dovlco.  +  8S*C  for  CL/CP  Dovlco. 


0Data  (aborted  "Typ"  Is  not  to  bo  uaod  tor  design  purpaaoa  but  la 
fntondod  as  an  Indication  ol  tho  IC'a  potential  performance. 

"The  formulas  givon  ctro  for  tho  typical  characteristics  only  at  26*C. 
fTo  calculate  total  supply  curroni  at  loads  othof  than  SO  pF: 

'T<CL>  "  *T<50  Pp)  *  <CL  -50>  Vlk 

where:  lj  Is  in  pA  (per  package).  CL  in  pF.  V  -  (vDO~  VSS' In  voIt»- 
f  In  kHz  is  input  frequency,  and  k  -  O.QOS. 


This  devfce  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  However, 

precautions  must  be  taken  to  avoid  applications  ol  any  voltage  higher  than  maximum  rated  voltages  to  this  high-impedance 

circuit.  For  proper  operation,  Vfn  and  Vout  should  be  constrained  to  the  range  Vss  *  (vln  or  Voul)  <  Vrjp. 

Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  VDD)-  Unused  outputs  must  be  left 

open. 
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SWITCHING  CHARACTERISTICS'  1CL  -  50 PF, TA  -  25QCI 


Characteristic 

Symbol 

Vnn 

Min 

Typ  # 

Max 

Unit 

Output  Rite  Timo 

*TLH 

ns 

tTLH  "  (3.0  ns/pF)  Cl  *  30  m 

5.0 

— 

180 

360 

tTLH  •  ^-5  nt/pF)  Cl  +  15  ns 

10 

90 

180 

tn  u  ■  M  1  m/nFl  P.    +  Ifi  na 

15 

€5 

130 

Output  Fell  Timo 

!THL 

ns 

rpH  l  ■  n  .9  ni/pr  I      *  **>  ni 

5,0 

100 

200 

t l  ■  10,75  ru/pF)  Cl  +  '2.5  nt 

10 

60 

100 

tTHL  ™  10.55  ns/pF)  Cl  +  9-5  ns 

15 

40 

B0 

Propagation  Delay  Time 

tPLH. 

ns 

Ain*  Bin  «>  Aout-  Bout 

<PHL 

tpLH'  'PHL  ™  0.7  ns/pF)  Cl  *  565  ns 

50 

650 

1300 

tpLH<  *PHL  ™  (0.66  ns/pF}  Cl  +  197  ns 

10 

230 

460 

*PLH<  'PHL  a        ns/pF )  Cl  +  125  ns 

15 

150 

300 

"in»  Bin  *°  Mout«  °out 

'PLH* 

ns 

ipLH*  'PHL    »'♦»  rti/pri  ^l  *  luio  ns 

*PHL 

5.0 

1 100 

2200 

*PLH»  *PKL  '  (0.66  ns/pF)  Cl  +  347  ns 

10 

380 

760 

tPLH*  *PHL  ™  (0-5  ns/pF )  Cl  +  235  ns 

15 

260 

520 

Ajn,  Bjf|  to  Exclusive  OR 

*PLH* 

ns 

Ini  l j   t #> ■  ■  ■    a  M  7  na/nP)  Pi    4-  Rfif*  na 
PLM*  'PML            >i»fHr»  **L     vv9  >i» 

'PHL 

5.0 

750 

1500 

tpLH*  'PHL  "  (0.66  ns/pF)  Cl  +  257  ns 

10 

260 

560 

15 

170 

340 

3-Stste  Enable,  Disable  Dslsy  Time  (see  figure  5) 

*on« 

ns 

*Qn*  ••off     1 1 .»  n»»pr  /  v» l  n» 

*ofl 

5  0 

225 

450 

♦        |  iii  ffl  (IR  n«/n Pt  Pi    +  17  n* 

10 

90 

180 

t __  t-M  ■  (ft  S  n</oPt  Ci  +  30  n* 

1 5 

55 

1 10 

Positive  Threshold  Voltage 



VT  + 

^"P 

3.30 

Vdc 

in  i,  n<    w.u  Riif 

10 

5  70 

15 

8.20 

Negative  Threshold  Voltage 

VT- 

5.0 

1.70 

Vdc 

(R1.R2-5.0kn) 

10 

4,30 

15 

630 

Hysteresis  Voltage 

vh 

5.0 

035 

1.70 

3.40 

Vdc 

(R1.R2-5.0  kH) 

10 

0.70 

1.40 

230 

15 

0.70 

1.40 

230 

Threshold  Voltage  Variation,  A  to  B 

5.0 

0.1 

Vdc 

(R1.R2-5.0  kR) 

10 

0.15 

15 

0.20 

*Tho  formulae  givon  ato  (or  trio  typical  characteristics  only  at  25'C.  #Da1a  leboltod  "Typ"  ts  not  to  bo  uaod  tor  design  purposos  but  la 

tntendod  as  an  Indication  ol  the  lC'a  potential  performance. 
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FIGURE  1  -  TYPICAL  OUTPUT  SOURCE  AND  SINK  CHARACTERISTICS  TEST  CIRCUIT 


OUTPUT 
UNDER  TEST 

OUTPUT  SOURCE 
CHARACTERISTICS 

OUTPUT  SINK 
CHARACTERISTICS 

TEST  IVCS--VD0 
VALUE  1  V0S  ■  Vout-VDp 

TEST    lVGS- Vqo 
VALUE  1  Vos -V0ut 

SWITCH  POSITION 

SWITCH  POSITION 

SWT 

SW2 

SW1 

SW2 

Aeut.  aBut 

1 

1 

2 

2 

*©«!•  Soyl 

2 

7 

1 

1 

EkcIuiIv*  OR 

1 

2 

1 

1 

figure  2  -  power  dissipation  test  circuit  and  waveforms 
?Vdd 


'oufAln 


•out- Bin   1^ 


r 


FIGURE  3  -  TYPICAL  THRESHOLD  POINTS 


R1.R2.  RESISTANCE  (OHMS) 
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FIGURE  4  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


Pull* 
Generator  1 


Pulse 
Generator  2 


Pulaa 
Generator  3 


ain  "out 
•out 
-C(Dit  © 

BOUt 

Bin  Bout 


Input  tr  •  ti  •  20  nt 


Tt 


,TNcL'T'Ci_'Ts  T 


3-Stata 
Disable 


'PHL-e. 
»out 


'PLH 
Bout 


«PLH  — • 
*out 


«PHL  — • 


'PLH- 


'PHL-e-     H                    •on--*.  U-- 

•  a-j  I—  tf  'o««.     U-  -   

(       ~\  90%  T          \  - 

'PLH—     I-  -""rr-       --af  la-.lon 


«-'PHL 
<PLH-» 


E  KCtuaiva 
OH 


«ofl 


\  \ 


<PHL 
'PLH-*- 


z 


90% 
0% 


•  —,  V0H 

I 

■'  vOL 

'■  «OH 

 vou 


Note:  Dashed  lines  Indicate  high  output  reslstence 
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FIGURE  S  -  3-STATE  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


Ganaritor  1 

*ln  Aou, 
*out 

Oil  © 
Boot 

**ln  Bout 

— O 

 O 

PulKr 
Gensrttor  2 

-o  c 

— o  

 o 

T 


CL  >1V 


TEST 

SWITCH  POSITION 

■on  HL 

1 

'on  LH 

i 

■oil  HL 

2 

'oil  LH 

1 

•MataJ  film.  ±  1%.  1/4  W  or  gr«at*r 

CL  -  15  pF  ,  which  include*  Kit  circuit  capacitance. 


 ^   V  

Switch  Poiltlon  2  Switch  Position  1 


V0L*  *nd  V0H*  rm1*T  W  (v*Mnt  •*  •  r««uit  of  th«  1  k  ohm  load  raslstort. 
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MOTOROLA 


HEX  SCHMITT  TRIGGER 

The  MC1 45848  Hex  Schmitt  Trigger  is  constructed  with  MOS 
P-channel  and  N-channel  enhancement  mode  devices  in  a  single 
monolithic  structure.  These  devices  find  primary  use  where  low 
power  dissipation  and/or  high  noise  immunity  is  desired.  The 
MC14584B  may  be  used  in  place  of  the  MC14069UB  hex  inverter 
for  enhanced  noise  immunity  to  "square  up"  slowly  changing 
waveforms. 

•  Supply  Voltage  Range  =  3.0  Vdc  to  '8  Vdc 

•  Capable  of  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  over  the  Rated  Temperature  Range 

•  Double  Diode  Protection  on  All  Inputs 

•  Can  Be  Used  to  Replace  MCI  4069UB 

•  For  Greater  Hysterisis,  Use  MC141068  which  is  PinforPin 
Replacement  for  CD40106B  and  MM74C14 


MAXIMUM  RATINGS'  (Voltages  Relerenced  to  Vss) 


Symbol 

Parameter 

Value 

Unit 

Vorj 

□C  Supply  Voltage 

-0  5  to  *  18  0 

V 

V,n.  Voul 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  Vqq  -05 

V 

'irv  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

i  10 

mA 

Pd 

Power  Dissipation,  per  PackageT 

500 

mW 

Tsia 

Storage  Temperature 

-65  to  »  150 

•c 

Lead  Temperature  (8-Secand  Soldering) 

260 

■c 

•Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur 
fTemperature  Derating   Plastic  "P   Package  -  i2mVW*C  (ram  65*C  lo  85°C 

Ceramic  "L"  Package   -  i2mW/°C  trom  100"C  to  I25X 


EQUIVALENT  CIRCUIT  SCHEMATIC 

(1/6  OP  CIRCUIT  SHOWN) 


<>—[>— ^— {> — [>— ° 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to 
high  static  voltages  or  electric  fields.  However,  precautions  must  be  taken 
to  avoid  applications  of  any  voltage  higher  than  maximum  rated  voltages  to 
this  high-impedance  circuit.  For  proper  operation,  Vjn  and  V0U|  should  be 
constrained  to  the  range  Vss  *■  < vin  or  vout)  *  VDD- 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g., 
either  Vss  or  VDD)-  Unused  outputs  must  be  left  open. 


CMOS  SSI 

(LOW^OWER  COMPLEMENTARY  MOS) 

HEX 

SCHMITT  TRIGGER 


L  SUFFIX  PSUFFIX 
CERAMIC  PACKAGE         PLA5T<C  PACKAGE 
CASE  632  CASE  646 


ORDERING  INFORMATION. 

A  Sorlos    -  55'CTo  •  12S/C 
MCUXXXBAL  (Commie  Pgckege  Only) 


C  Son.i    -  JO-Ctrj  . 


(PH.IIC  P. 
(Cor.mic 


LOGIC  DIAGRAM 


— 1 


VD0  -  fin  14 

VSS  -  Pin  7 
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ELECTRICAL  CHARACTERISTICS  (Voiiagoa  Roioroncod  to  vss) 


VDD 

Tlo 

221——  

2S°C 

T„ 

oh* 

C  hsrftctor  i  si  ic 

Symbol 

Vdc 

Mm 

■» 

Min 

TypO 

Mm 

Min 

Max 

Unit 

Output  Voltage                "0"  Level 

vol 

5.0 

- 

0.05 

_ 

0 

0.05 

- 

0.05 

Vdc 

Vm  =  VDD 

10 

IS 

0.05 
0.05 

- 
- 

0 
0 

0.05 
0.05 

0.05 
0.05 

"1"  Level 

v0h 

5.0 

4  95 

- 

4.95 

5.0 

- 

4.95 

— 

Vdc 

10 

9.95 

9.95 

10 

- 

9.95 

15 

1495 

14.95 

15 

- 

14,95  - 

Output  Drive  Current  (AL  Device) 

lOH 

— Ail — 
mAdc 

(Vqh  =  2.5  Vdc)  Source 

5.0 

—3.0 

-2.4 

-4.2 

- 

—1.7 

(Vqh  ■  4-6  Vdc) 

5.0 

-0.64 

-0.51 

-0.88 

- 

—0.36 

(Vqh  ■  9.5  Vdc) 

10 

—1.6 

-1.3 

-2.25 

- 

 0  0 

IVQH  *Utf 

15 

—4.2 

-3.4 

-8J8 

— 

—2.4 

— 

fVQL  "  0.4  Vdc)  Sink 

'OL 

5.0 

0.64 

0.51 

0.88 

- 

036 

m  c 

(\tn.  a  O  R  Vrir-I 
ni  vuci 

10 

1.6 

1.3 

2.26 

0.9 

(  Vql  h  1 .5  Vdcl 

15 

4.2 

3.4 

8  8 

2.4 

Output  Drive  Current  (CL/CP  Device) 

— j  

H 

mAdc 

IVqh  "  2.5  Vdcl  Source 

S.O 

-2.6 

_ 

—2  1 

—4  2 

-1.7 

(VOH  •  4.6  Vdcl 

5.0 

-0.52 

_ 

—0.44 

—038 

-036 

(Vqh  "  9-5  Vdcl 

10 

-1.3 

- 

—1  1 

—2.25 

-0.9 

- 

(V0H  »  13.5  Vdcl 

15 

-3.6 

- 

-3.0 

-8.8 

-2.4 

- 

(Vql  =  °-4  vdcl  Sink 

'OL 

5.0 

0.52 

_ 

0  44 

0.88 

0.36 

_ 

mAdc 

IV0L  •  0.5  Vdcl 

10 

1.3 

- 

1.1 

2.25 

0.9 

- 

(Vql  ■ 1  -5  vd<:> 

15 

3.6 

- 

3.0 

8.8 

2.4 

- 

Input  Current  (AL  Device) 

■in 

IS 

_ 

lO.I 

10  00001 

10.1 

_ 

11.0 

dAdc 

Input  Current  (CL/CP  Device) 

'in 

15 

10.3 

10.00001 

10.3 

11.0 

jiAdc 

Input  Capacitance 

c- 
Sn 

5.0 

7.5 

pF 

Quiescent  Current  (AL  Device) 

'DD 

5.0 

0.25 

0.0005 

0.26 

7.5 

MAdc 

(Per  Package) 

10 

0.50 

0.0010 

0.50 

15 

15 

1.00 

0.0016 

1.00 

30 

Quiescent  Current  (CL/CP  Device) 

'DO 

5.0 

1.0 

0.0005 

1.0 

7.5 

pAdc 

(Per  Package) 

10 

2.0 

0.0010 

2.0 

15 

IS 

4  0 

0.0015 

4.0 

34 

Total  Supply  Current" *1 

'T 

5.0 

lT-(1B(iA/kHDf+  lDD 

MAdc 

(Dynamic  plus  Quiescent, 

10 

lT-(3.6(iA/kHz|f+lDD 

Per  Package) 

15 

lT  -  (5.4  liA/kHz)  f  +  lDD 

71  SO  pF  on  oil  Outputs,  ell 

bullers  switching! 

Hysteresis  Voltage 

vH* 

R  ft 

0  27 

1  Z — 

1.0 

0.25 

0.6 

1.0 

0.21 

1  n 

—  

Vdc 

10 

0.36 

13 

0.30 

0.70 

1.2 

0.26 

1.2 

15 

0.77 

1.7 

0.60 

1.1 

1.5 

0.60 

1.4 

Threshold  Voltage 

Positive-Going 

vT+ 

5.0 

ijd 

3.5 

1J8 

2.7 

3.4 

1.7 

3.4 

Vdc 

10 

3A 

7.0 

3.3 

5.3 

6.9 

3.2 

6.9 

16 

5.2 

10.6 

5.2 

8.0 

10.5 

6.2 

10.5 

Negative-Going 

vT- 

5.0 

1.6 

3.3 

1.6 

2.1 

3.2 

1J6 

3.2 

Vdc 

10 

3.0 

6.7 

3.0 

4.6 

6.7 

3.0 

6.7 

15 

4.5 

9.7 

4.6 

6.9 

9.8 

4.7 

93 

"Tlow"  -  SS*C  for  AL  Oovlco.  -40'C  tor  CUCP  Oevice. 
Thigh  "  + 1 2S'C  ,or  AL  Dovlce,  +  85'C  tor  CL/CP  Device. 

#D«to  labelled  "Typ"  is  noi  to  bo  used  for  dosign  purposes  but  Is 
Intondod  as  an  Indication  of  ino  IC's  potential  porformanco. 

'•The  formulas  given  aro  for  tho  typical  characteristics  only  at  25*C. 


fTo  cctculato  total  supply  current  at  loads  other  than  50  pR: 

>T<CL)  -  lT(S0  pF)  +  (CL  -SO)  Vlk 

whoro:  lj  Is  in  (*A  (par  package),  Cl  in  pF.  V  -  (Vqq-  Vgs)  in  votts. 
f  in  kHz  is  input  frequency,  and  k  -  0.001. 

♦Vh  -  Vj+  -  Vj_  (But  maximum  variation  of  Vh  **  specified  as 
less  than  VT+  max  -  VT-  mln>- 
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SWITCHING  CHARACTERISTICS    ICL  -  SO  pF.  TA  -  2B°C) 


f  ll  1  1  ■  II  I  ■  ■  !■  itl 

MtSfSCTOTtftlC 

Symbol 

Vdc 

Mtn 

Typ  # 

Max 

Unit 

Output  Riso  Time 

»TLH 

6.0 

100 

200 

rtt 

10 

B0 

100 

15 

40 

B0 

Output  Fall  Time 

THL 

6.0 

100 

200 

rtt 

10 

60 

100 

IB 

40 

80 

Propagation  Delay  Time 

'PLH.'PHL 

B.0 

12S 

250 

m 

10 

60 

100 

IB 

40 

80 

#Oata  tabollod  "Typ"  la  not  to  bo  usod  for  doalgn  purpoaos  but  la 
Intended  as  an  Indication  of  tho  IC'a  potontial  performance. 


FIGURE  1  -  SWITCHING  TIME  TEST  CIRCUIT  AND  WAVEFORMS 

20  n»  ■ 


Input  >-90%  \" 


\  90S  jf  V 

ulpul  V — 50%  * 

StyoZ  si 


FIGURE  2  -  TYPICAL  SCHMITT  TRIGGER  APPLICATIONS 

) 


out 


U)  Schmitt  Triggers  will  square  up 
Inputs  with  slow  rise  and  fall  times. 


(bt  A  Schmitt  trigger  offer*  minimum 
noise  immunity  <"  floto  applications. 


■T 


i  i 


I  I 


-Vgs 
■"DO 


FIGURE  3  -  TYPICAL  TRANSFER  CHARACTERISTICS 


Vt-  vt. 
VH 

Vin.  INPUT  VOLTAGE  IVocI 


PIN  ASSIGNMENT 


1  c= 

In  1 

VDO 

14 

2  C= 

Out  1 

In  6 

=3 

13 

In  2 

Out  6 

12 

4  C= 

Out  2 

In  5 

11 

In  3 

Out  5 

10 

6C= 

Out  3 

In  4 

9 

7  CZ 

VSS 

Out  4 

8 

V0D 
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4-BIT  MAGNITUDE  COMPARATOR 

The  MC14585B  4-Bit  Magnitude  Comparator  is  constructed 
with  complementary  MOS  (CMOS)  enhancement  mode  devices. 
The  circuit  has  eight  comparing  inputs  (A3,  B3,  A2,  B2,  A 1 ,  B 1 , 
AO,  BO),  three  cascading  inputs  (A<B,  A  =  B,  and  A>B),  and 
three  outputs  (A<  B,  A  =  B,  and  A>  Bl.  This  device  compares  two 
4-bit  words  (A  and  B)  and  determines  whether  they  are  "less 
than",  "equal  to",  or  "greater  than"  by  a  high  level  on  the  app- 
ropriate output.  For  words  greater  than  4-bits,  units  can  be  cas- 
caded by  connecting  outputs  ( A >  B),  (A<  Bl,  and  (A  =  B)  to  the 
corresponding  inputs  of  the  next  significant  comparator.  Inputs 
(A <  B),  (A  =  B|,  and  (A >  B)  on  the  least  significant  (first)  compa- 
rator are  connected  to  a  low,  a  high,  and  a  low,  respectively. 

Applications  include  logic  in  CPU's,  correction  and/or  detection 
of  instrumentation  conditions,  comparator  in  testers,  converters, 
and  controls. 

•  Diode  Protection  on  All  Inputs 

•  Expandable 

•  Applicable  to  Binary  or  842 1  -BCD  Code 

•  Supply  Voltage  Range  =  3.0  Vdc  to  1  8  Vdc 

•  Capable  ol  Driving  Two  Low-power  TTL  Loads  or  One  Low-power 
Schottky  TTL  Load  over  the  Rated  Temperature  Range 

•  Can  be  Cascaded  -  See  Fig.  3 


MAXIMUM  RATINGS*  (Voltages  Referenced  to  Vgs) 


Symbol 

Parameter 

Value 

Unit 

VDD 

DC  Supply  Voltage 

-0.5  to  +  18.0 

V 

Vin.  V0ut 

Input  or  Output  Voltage  (DC  or  Transient) 

-0  5  to  VDD  *0.5 

V 

'in'  'qui 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±  10 

mA 

Po 

Power  Dissipation,  per  Package! 

500 

mW 

TSlQ 

Storage  Temperature 

-65  10  +  150 

"C 

TL 

Lead  Temperature  (6-Second  Soldering) 

260 

•C 

'Maximum  Raiings  are  Ihoso  values  beyond  which  damage  1o  the  device  may  occur. 
tTemporature  Derating:  Plastic  "P"  Package:  -  12mW/°C  from  658C  to  85*C 

Ceramic  "L"  Package:  -12mW/°C  from  100°C  to  125°C 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

COMPAFIING 

CASCADING 

A3.  B3 

A2.  B2 

A1,  Bl 

AO.  BO 

A<B 

A  =  B 

A>B 

A<  B 

A  =  B 

A  >  B 

A3>B3 

X 

X 

X 

X 

X 

X 

0 

0 

A3  =  B3 

A2>82 

X 

X 

X 

X 

X 

0 

0 

A3  =  B3 

A2  =  B2 

A1  >B1 

X 

X 

X 

X 

0 

0 

A3  =  B3 

A2  =  B2 

A1  =  B1 

A0>B0 

X 

X 

X 

0 

0 

A3  =  B3 

A2  =  B2 

A1  =B1 

A0  =  B0 

0 

0 

X 

0 

0 

A3  =  B3 

A2  =  B2 

A1  =B1 

A0  =  B0 

0 

1 

X 

0 

1 

0 

A3  =  B3 

A2  =  B2 

A1  =B1 

A0  =  B0 

1 

0 

X 

0 

0 

A3  =  B3 

A2  =  B2 

Al  =B1 

A0  =  B0 

1 

1 

1 

0 

A3  =  B3 

A2  =  B2 

A1  =B1 

A0<B0 

X 

X 

X 

0 

0 

A3  =  B3 

A2  =  B2 

AKB1 

X 

X 

0 

0 

A3  =  B3 

A2<B2 

X 

0 

0 

A3<B3 

X 

X 

X 

X 

0 

0 

x  =  Don't  Care 


MC14585B 


CMOS  MSI 

(LOW  POWER  COMPLEMENTARY  MOS) 

4-BIT  MAGNITUDE  COMPARATOR 


L  SUFFIX  P  SUFFIX 

CERAMIC  PACKAGE         PLASTIC  PACKAGE 
CASE  620  CASE  6*6 


ORDERING  INFORMATION 

A  Series:  -  55°C  to  +  1 25*C 
MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -40*C  to  +  B5°C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAM 

iA>ai,n 

iA-  Bilcl 

IA<B!lo  lA>81oul 

 013 

too  

AO 

AO 

A1  lA-Blou, 

 03 

9  O  

ai 

A2 

B7  IA<Blou( 

 013 

A3 

Id  o  

83 

Vdo  -  *m  16 
vss  -  p,„  a 
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ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  Vss) 


Vdd 

Tlow' 

25*C 

Thl 

oh* 

Characteristic 

Symbol 

Vdc 

Mln 

Max 

Mln 

Typ# 

Max 

Mln 

Max 

Unit 

Output  Voltage 

"0"  Level 

vol 

5.0 



0.05 



0 

0.05 

— 

0.05 

Vdc 

Vin  =  Vdd  Of  0 

10 



0.05 



0 

0.05 

— 

0.05 

IS 



0.05 

_. 

0 

0.05 

0.05 

"1"  Level 

voh 

5.0 

4  95 

4  95 

~ 

4.95 

_ 

Vdc 

V|„  =  0  or  Vdd 

10 

9.95 

z 

9.95 

10 

9.95 

— 

15 

14.95 



14.95 

15 



14.95 

— 

Input  Voltage 

"0"  Level 

VlL 

Vdc 

(Vo  =  4.5  or  0.5  Vdc) 

S.O 

1.5 

2.25 

1.5 

— 

1.5 

(Vo  =  9.0  or  1.0  Vdc) 

10 

~ 

3  0 

~ 

3  0 

— 

3.0 

(Vo  =  13.5  or  1.5  Vdc) 

15 

4.0 

6.75 

4.0 

— 

4.0 

"1"  Level 

VlH 

Vdc 

(Vo  =  0.5  or  4.5  Vdc) 

5.0 

3  S 

3  5 

2  75 

3.5 

— 

(Vo  =  1.0  or  9.0  Vdc) 

10 

7.0 

_ 

7.0 

5.50 

7.0 

— 

(Vo  =  1.5  or  13.5  Vdc) 

15 

11.0 



11.0 

825 



11.0 

— 

Output  Drive  Current  (AL  Device) 

'OH 

mAdc 

(Voh  =  25  Vdc) 

Source 

5.0 

-3.0 

-2.4 

-42 

-1.7 



(Voh  =  4.6  Vdc) 

5.0 

-0  64 

—0  51 

-0.36 



(Voh  =  9.5  Vdc) 

10 

-1.6 

-1.3 

-2.25 

-0.9 

— 

(VOH  =  13.5  Vdc) 

15 

-4.2 



-3.4 

-6.8 



-2.4 

— 

(VOL  =  0-4  Vdc) 

Sink 

k)L 

5.0 

0  64 

0  88 

0.36 

_ 

mAdc 

(Vol  =  0.5  vdc) 

10 

1.6 



1.3 

225 



09 

— 

(Vol  =  i.s  vdc) 

15 

4.2 

— 

3.4 

8.8 

— 

2.4 

— 

Output  Drive  Current  (CL/CP  Device) 

lOH 

mAdc 

(Voh  -  2  5  Vdc) 

Source 

5.0 

-2.5 

— 

-2.1 

-4.2 

— 

- 1.7 

(Voh  =  4.6  vdc) 

5.0 

-0.52 

-0.44 

-0.88 

-0.36 

(V0H  =  95  vdc) 

10 

-1.3 

-1.1 

-2.25 

-0.9 

— 

(voh  =  13.5  vdc) 

15 

-3.6 

-3.0 

-8.8 

-2.4 

— 

(Vol  -  0.4  voc) 

Sink 

kx 

5.0 

0.52 

0.44 

0.68 

0.36 



mAdc 

(Vol  =  0.5  vdc) 

10 

1.3 

1.1 

2.25 

0.9 

— 

(Vql  =  i-5  vdc) 

15 

3.6 

3.0 

8.8 

2.4 

— 

Input  Current  (AL  Device) 

■in 

15 

±0.1 

* 0  00001 

3:0.1 



1 1.0 

fiAdc 

Input  Current  (CL/CP  Device) 

lit 

■HI 

15 

— 

±0.3 

±0.00001 

1 0.3 

*  1.0 

jxAdC_ 

Input  Capacitance 





5.0 

7.5 

(Vh  =  0) 

Quiescent  Current  (AL  Device) 

■dd 

5.0 

5.0 

0.005 

5.0 

— 

150 

pAdc 

(Per  Package) 

10 

10 

0.010 

10 

— 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Device) 

>DD 

5.0 

20 

0.005 

20 

150 

fiAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

60 

0.015 

80 

600 

Total  Supply  Currem"t 

it 

5.0 

IT  =  (0.6  liMUz)  1  +  IDD 

riAdc 

(Dynamic  plus  Quiescent, 

10 

IT  -  (1.2;iA/kHz)l  +  'DD 

Per  Package) 

15 

IT  =  (1.8,iA/kHz)l  +  lDD 

(Cl  -  50  pF  on  all  outputs. 

all  butlers  switching) 

"Tlow-  -55*C  lor  AL  Oovico.  -40*C  lor  CL/CP  Dovlco. 
Ttfigt,  -  + 1 25*C  for  AL  Device,  +  BS*C  for  CL/CP  Device. 

#Data  tabooed  "Typ"  is  not  to  bo  uud  for  design  purposos  but  Is 
Intended  as  an  Indication  of  trio  IC'o  potential  performance. 

"Tho  formulas  gtvon  sro  for  tho  typical  characteristics  onty  at  25*C. 

f  To  calculate  total  supply  current  at  toads  other  than  SO  pF: 

*T<CL)  -  pF)  +  <CL  -50)  Vtk 

whore:  lT  Is  In  i*A  (per  package),  C^  In  pF,  V  -  (Vqq  -  V8S>  In  volts, 
f  In  kHz  Is  Input  frequency,  and  k  -  0.001. 


PIN  ASSIGNMENT 

...   .  w 

1 

07  vOD 

16 

2 

A3  A3 

15 

3 

d 

(A  -  Bl,»u,  B3 

14 

4 

(a  >  Bi,n  <A>er0ut 

13 

5 

IA  <  Bl.n  IA<B>ou, 

12 

6 

C= 

IA  ■  Bl,„  60 

11 

7 

Al  AO 

10 

8 

VSS  Bl 

9 

6-504 
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SWITCHING  CHARACTERISTICS*    <CL  -  SO  pF.  TA  -  35<>c> 


Character  ink 

Symbol 

VDD 

Mln 

Typ# 

Max 

Unit 

Output  Rise  and  Fall  Time 

'TLH- 

ns 

•TLH.  «THL  "  (1-5  ns/pF)  CL  +  25  ns 

'THL 

5.0 

100 

200 

'TUH.  'THL  "  (°-75  ns/pF)  CL  +  12.5  ns 

10 

50 

100 

'TUH'  'THL  "  ("  85  ns/pF)  CL  +  9.5  na 

IS 

40 

80 

Turn-On,  Turn-Off  Delay  Tim© 

<PLH. 

ns 

'PLH,  tpHL  "        ns/pF)  C|_  +  34S  ns 

'PHL 

5.0 

430 

860 

'PLH.'PHL  "  (0.66fts/pF)  C|_t  147  ns 

10 

180 

360 

tpLH,  'PHL  '  l°-5  ns/pFI  C|_  ♦  105  ns 

IS 

130 

260 

'The  formulas  glvon  aro  for  tho  typical  characteristics  onty  ot  2S*C. 
#Dato  labollod  "Typ"  Is  not  to  bo  used  for  design  purposes  hut  Is 
Intondod  as  an  Indication  of  the  ICS  potential  performance. 


FIGURE  1  -  DYNAMIC  POWER  DISSIPATION 
SIGNAL  WAVEFORMS 


20  n>  - 
A3 


1 

"zT' 


■  vss 


IA>Blou, 


IA-B)0UI 


IA<BI0o, 


X 


VSS 
"OH 

vol 
v0h 

vol 

OH 


 y   "OH 

> —  v0L 


Inputs  (A  >  B)  and  <A>B)  high,  and  inputs  B2.  A2.  B1.  At.  B0. 

AO  and  (A<  Bl  low 

f  in  respect  to  e  system  clock. 


FIGURE  2  -  DYNAMIC  SIGNAL  WAVEFORMS 


Inputs  (A>6)  and  IA-B)  high,  and  input*  63.  A3,  B2.  A2,  Bl. 
A1.  AO,  and  IA<  Bl  low. 


This  device  contains  protection  circuitry  to  guard  against  damage  due  to  high  static  voltages  or  electric  fields.  How- 
ever, precautions  must  be  taken  to  avoid  applications  ot  any  voltage  higher  than  maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation,  V|n  and  Vout  should  be  constrained  to  the  range  Vss  *  (vin  or  V0ul)  «  Vqq. 
Unused  inputs  must  always  be  tied  to  an  appropriate  logic  voltage  level  (e.g.,  either  Vss  or  Vdd)-  Unused  outputs  must 
be  left  open. 
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WORO 

q  -  an 

WORD 


FIGURE  3  -  CASCADING  COMPARATORS 


B6  B5 


83    A3    B2    A2    B1    A1    BO  AO 
Output 

5      S     5  MC14S8SB 
V      ■  A 

<     <t  < 


VSSVDDVSS 

LAI 


V      |  A 

<  s  < 


MC14S8SB 


TTT 


V  1  A 
4      S  < 


WORO  B  -  B1 1.  B10.  BO. 
WORO  A-  All.  A10.  AO. 


LOGIC  DIAGRAM 


(A<B),n>0  [>» 


(A-B)|„  S  £>► 


IA>Btln5  fc>0  ^ 


{>>-0C>  °(A<B)0 


{>H>— «IA-B)o 
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MC14597B 
MC14598B 


8-BIT  BUS-COMPATIBLE  LATCHES 

The  MC14597B  and  MC14598B  are  8-bit  latches,  one  addressed 
with  an  internal  counter  and  the  other  addressed  with  an  external 
binary  address.  The  8  latch-outputs  are  high  drive,  three-state  and 
bus  line  compatible.  The  drive  capability  allows  direct  applications 
with  MPU  systems  such  as  the  Motorola  6800  family. 

With  MC14597B.  a  3-bit  address  counter  (clocked  on  the  falling 
edge  of  Incrcmentl  selects  the  appropriate  latch.  The  latches  of 
the  MC14598B  are  accessed  via  the  Address  pins,  AO,  A1,  and  A2. 
A  Full  Flag  is  provided  on  the  MC14597B  to  indicate  the  position 
of  the  Address  counter. 

All  8  outputs  from  the  latches  are  available  in  parallel  when 
Enable  is  in  the  low  state.  Data  is  entered  into  a  selected  latch 
from  the  Data  pin  when  the  Strobe  is  high.  Master  reset  is  available 
on  both  parts. 

•  Serial  Data  Input 

•  Three-State  Bus  Compatible  Parallel  Outputs 

•  Three-State  Control  Pin  (Enable)  TTL  Compatible  Input 

•  Open  Drain  Full  Flag  (Multiple  Latch  Wire-0  Ring) 

•  Master  Reset   

•  Level  Shifting  Inputs  on  All  Except  Enable 

•  Diode  Protection  —  All  Inputs 

•  Supply  Voltage  Range  -  3.0  Vdc  to  18  Vdc 

•  Capable  of  Driving  TTL  Over  Rated  Temperature  Range 

With  Fanout  as  Follows: 

1  TTL  Load 
4  LSTTL  Loads 


CMOS  MSI 

(LOW -POWER  COMPLEMENTARY  MOS) 

8-BIT,  BUS-COMPATIBLE 
THREE-STATE  LATCHES 
Internal  Counter  -  MC14597B 
Binary  Address  -  MC14598B 


L  SUFFIX 

CERAMIC  PACKAGE 
CASE  620 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  648 


L  SUFFIX 
CERAMIC  PACKAGE 
CASE  726 


P  SUFFIX 
PLASTIC  PACKAGE 
CASE  707 
ORDERING  INFORMATION 


A  Series:  -55'C  to  +  12S'C 

MC14XXXBAL  (Ceramic  Package  Only) 

C  Series:  -  4Q'C  lo  +  85'C 

MC14XXXBCP  (Plastic  Package) 
MC14XXXBCL  (Ceramic  Package) 


BLOCK  DIAGRAMS 
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OUTPUT 
TRUTH  TABLE 


1 

OO 

D1 

Tit, 

C-if 

OJ 

SUti 

\4 

o* 

Output 

Bullin 

□s 

ja 

M 

n 

PIN  ASSIGNMENT 


On  -  Slat*  of  nth  latch 

NC  =  No  Connection 


DO 

□ill 

fi  1= 

5u  Ob* 

AO 

Al 

11* 

i  n 


3  11 
3  10 
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MAXIMUM  RATINGS*  (Voltages  Referenced  10  vss) 


Symbol 

Parameter 

Value 

Unit 

V0D 

DC  Supply  Voltage 

-0.5  to  +18.0 

V 

Vin 

Input  Voltage,  Enable  (DC  or  Transient) 

-0.5toVOD  +0.5 

V 

Vin 

Input  Voltage,  ACI  other  Inputs  (DC  or  Transient) 

-0.5  to  Vqd  +12 

V 

Vout 

Output  Voltage  (DC  or  Transient) 

-0.5  to  Vqd  +0.5 

V 

'in-  'out 

Input  or  Output  Current  (DC  or  Transient),  per  Pin 

±10 

mA 

Po 

Power  Dissipation,  per  Packager 

500 

mW 

Tstn 

Storage  Temperature 

-65  10  +150 

•c 

Tl 

Lead  Temperature  (8-Second  Soldering) 

260 

•c 

This  device  contains  protection  circuitry  to 
guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However,  precau- 
tions must  be  taken  to  avoid  applications  of 
any  voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance  circuit.  For 
proper  operation,  V{n  and  Vout  should  be 
constrained  to  the  range  Vss  *  (vin  or 
Vout)  *  VDD. 

Unused  inputs  must  always  be  tied  to  an  ap- 
propriate logic  voltage  level  (e.g.,  either  Vss 
or  Vqd)-  Unused  outputs  must  be  left  open. 


'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
tTemperature  Derating:  Plastic  "P"  Package:  -  12mW/*C  from  65*C  to'ss'C 

Ceramic  "L"  Package:  -12mW/*C  from  100*C  to  125*C 

ELECTRICAL  CHARACTERISTICS  (Vottasot  Rolo.oncod  to  vss) 


voo 

w 

25°C 

Thigh* 

Characteristic 

Symbol 

Vdc 

Min 

Max 

Min 

Typ  # 

Max 

Min 

Max 

.Unit 

Output  Voltage            "0"  Level 

vol 

5.0 

q 

0  05 

0  05 

Vdc 

Vin  "  VQD  or  0 

10 

0.05 

0 

0  05 

0  05 

15 

0.05 

o 

0.05 

0.05 

"1"  Level 

V0H 

5.0 

4  95 

6  0 

4  95 

Vdc 

Vin -0  or  Vqd 

10 

9.95 

9.95 

10 

9  95 

IS 

14.95 

14.95 

15 

14.95 

fnput  Voltage**  —  Enable  "0"  Level 

V|L 

Vdc 

IV0  -  4.5  or  0.5  Vdc) 

5.0 

0.8 

_ 

1.1 

0.8 

_ 

0.8 

(Vq  •  9.0  or  1 .0  Vdc) 

10 

- 

1.6 

- 

2.2 

1.6 

- 

IjB 

15 

- 

2.4 

- 

3.4 

2.4 

- 

2.4 

"1  Lsvel 

VIH 

Vdc 

ivq   o.o  or  h.o  voci 

5.0 

2.0 

_ 

2.0 

1.9 

- 

2.0 

_ 

1  *Q      1  .V  Ol  V.U  VUG! 

10 

6.0 

- 

6.0 

3.1 

- 

6.0 

- 

(Vp-  1.5  or  13.5  Vdc) 

15 

10 

- 

10 

4.3 

- 

10 

- 

fnput  Voltage                "0"  Level 

VIL 

Vdc 

Other  Inputs 

(Vq  -  43  or  0.5  Vdc) 

5.0 

- 

1.5 

- 

2.25 

1.5 

- 

1.5 

(Vq  -9.0  or  1.0  Vdc) 

10 

- 

3.0 

- 

4.50 

3.0 

- 

3.0 

IV0  -  13.S  or  1.5  Vdc) 

IS 

- 

4.0 

- 

6.75 

4.0 

- 

4.0 

"1"  Level 

Viu 
VIH 

Vdc 

(  Vq  -  0.5  or  4.5  Vdc) 

5.0 

3.S 

- 

3.5 

2.75 

3.5 

- 

(V0-  1.0  or  9.0  Vdc) 

10 

7.0 

- 

7.0 

5.50 

7.0 

- 

(V0-  1.6  or  13.5  Vdc) 

15 

1  1 

11 

8.25 

Output  Orive  Current  Source 

'OH 

mAdc 

(FuN-Sink  Only) 

(V0H-4.6Vdcl 

5.0 

-1.0 

-1.0 

-2.0 

-1.0 

(V0H  -  9.5  Vdc) 

10 

-6.0 

(Vqh  -  13.5  Vdc) 

15 

-12 

IV0L  -  0.4  Vdc)  Sink 

'OL 

5.0 

1.6 

1.6 

3.2 

1.6 

mAdc 

(Vql -0.5  Vdc) 

10 

6.0 

(Vol-ISVocI 

15 

12 

Input  Current           (AL  Device) 

'in 

15 

10.1 

lO.OOOOl 

i0.1 

tl.O 

dAdc 

Input  Current        (CUCP  Device) 

<in 

15 

t0.3 

10.00001 

t0.3 

11.0 

uAdc 

Three-State  Leakage  Current 

'TL 

MAdc 

(AL  Device) 

15 

tO.1 

10.00001 

10.1 

i3.0 

(CL/CP  Device) 

15 

t1.0 

10.00001 

H.O 

17.5 

Input  Capacitance 

Cin 

5.0 

7.5 

pF 

IVin  "  0) 

Quiescent  Current  (AL  Device) 

'OD 

5.0 

5.0 

0.005 

5.0 

ISO 

uAdc 

(Per  Package) 

10 

10 

0.010 

10 

300 

15 

20 

0.015 

20 

600 

Quiescent  Current  (CL/CP  Oevice) 

*OD 

5.0 

20 

0.005 

20 

ISO 

jiAdc 

(Per  Package) 

10 

40 

0.010 

40 

300 

15 

80 

0.015 

80 

600 

**Total  Supply  Current  at  an 

•t 

5.0 

IT  -  (2.0  uA/kHl)f  +  lDD 

pAdc 

External  Load  Capacitance 

10 

IT  -  (4.0  uA'kHilf  +  lDD 

of  130  pF 

15 

IT  -  16.0  uA'kHlIf  +  IqD 

*T(ow  -  -S5°C  for  AL  Oevice.  -40°C  for  CUCP  Device. 

Thifih  '  +1»°C  for  AL  Device.  +8S°C  for  CL/CP  Device. 
**  Tho  formulas  gtvon  aro  for  tho  typical  characteristics  only  at  25*( 

#Data  labelled  "Typ"  Is  not  to  bo  usod  for  design  purposes  but  is 
Intendod  as  an  Indication  of  tho  IC's  potential  performanco. 
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MC14597B«MC14598B 


SWITCHING  CHARACTERISTICS  *  ITA  =  25°C.  CL  =  130  pF  +  1  TTL  tosdl 


v00 
voc 

AIITypa 

^"•Twivi  HOC 

Symbol 

Min 

Typ# 

Mjx 

1  

Output  Rise  and  Fall  Time 

VTLM«  'THL     IU.0  nt/prfu^  +  JO  nf 
tTI  LI  tTUI    ■  (ft  9  nt/nFld  +  9*1  a* 

«TLH. 
THL 

6.0 

— 
- 

100 
50 

200 
100 

ns 

*TLH»  'THL     IU.IO  nj/pr/UL 

ID 

- 

40 

so 

r  i  u|ifyj lion  w V*  u Y  I  ii  i  id 

Enable  to  Output 

'PLH. 
«PHL 

160 

320 

ns 

10 

- 

125 

250 

16 

100 

200 

Strobe  to  Output 

6.0 

- 

200 

400 

10 

- 

100 

200 

16 

- 

80 

160 

DirODO  10  rUII    IMl*I4Dif/tf  oniyf 

5.0 

- 

200 

400 

10 

- 

100 

200 

16 

- 

80 

160 



Rnit  to  Output 

S.O 

- 

175 

350 

10 

- 

SO 

180 

16 

- 

70 

140 

Pulit  Width 
Ensbls 

<WH. 
«WL 

6.0 
10 

320 
240 

160 
120 

- 

ns 

16 

160 

SO 

- 

Strobe 

6.0 

200 

100 

_ 

10 

100 

SO 

- 

16 

80 

40 

- 

Increment  (MC14S97B  only) 

5.0 

200 

100 

_ 

10 

100 

50 

16 

80 

40 

- 



R  not 

5.0 

300 

150 

- 

10 

160 

80 

- 

15 

100 

50 

- 

Setup  Time 
Date 

«tu 

5.0 

100 

50 

- 

ns 

10 

50 

25 

- 

15 

35 

20 

- 

nooini  im^i**o900  oniyt< 

6.0 

200 

100 

- 

10 

100 

SO 

16 

70 

35 

Increment  (MC14597B  only) 

5.0 

400 

200 

— 

10 

200 

100 

15 

170 

85 

Hold  Time 

th 

ns 

Data 

5.0 

100 

SO 

10 

50 

25 

15 

35 

20 

Address  (MC14598B  only) 

S.0 

100 

60 

10 

50 

25 

15 

35 

20 

Reset  Removal  Time 

■rem 

S.O 
10 

20 
20 

-25 
-15 

ns 

15 

20 

-10 

•Tho  formulas  gtvon  aro  for  tho  typical  characteristics  only  at  25*C. 
#Data  laboliod  "Typ"  Is  not  to  bo  used  for  design  purposes  but  Is 
Intendsd  as  an  indication  of  tho  (C's  potential  porformanco. 
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MC14S97B  FUNCTION  DIAGRAM 


•<H>H> 
>H>H> 

10-{>o-t>> 


Increment  7  O- 


MC14597B  TIMING  DIAGRAMS 


m  «wl  •* 

•  1.4  V  with  VOD  -  5.0  V 
NOTES:    1.  Hi0h -Impedance  Output  itstft  ( another  device  controls  but). 
2.  Reset  in  High  ttate. 
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MC14598B  FUNCTION  DIAGRAM 


k>-0>-0>- 


To  Other 
Latches 


■H>H>£> 
lo-t>o-o>jpi 


AO  7 
At  8 


A2  10 

(M.S. 8 


To  Other 
Latches 


Address 
Decoder 


3> 


Zero 
Select 


-A 


— i 

Vdd! 


Additional  7  Latches 


i  17  D1 

I  16  D2 

I  15  OS 

I  14  04 

I  13  D5 

I  12  D6 

I  11  D7 


MC14S98B  TIMING  DIAGRAM 


mm 


 =VSC 

«THL-»> 


•PLH 
Roiot 


90% 
0% 


-'PHL 
 I 


 =f  -  10! 

«TLH  -*)!•— 


90% 
10% 


t«u 


tsu 
90% 


io% J.  so%-:tio%  ,  y  

m— *|  «  »  \m—  20  nt  — t*      tw  «— 


20  n. 
90% 
10% 


•  1.4  V  with  VOD  -  5.0  V. 
NOTES  1.  High-impedance  output  state  (another  device  controls  but). 
2.  Output  Load  as  for  MC14S97B. 
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LATCH  TRUTH  TABLE 


TRUTH  TABLE  FOR  MC14697B 


Addressed 

Other 

Strobe 

Reset 

Latch 

Latches 

0 

1 

1 

1 

Data 

X 

0 

0 

0 

•  -  No  change  in  state  of  latch 
X  *  Don't  care 


Increment 

E  ruble 

Reset 

Address 
Counter 

Full 

X 

1 

Count  Up 

X 

1 

No  Change 

X 

1 

0 

Reset  to  Zero 

Set  to  One 

X 

0 

1 

No  Change 

Set  to  One 

X 

1 

1 

If  at 
ADDRESS  7 

To  Zero  on 
Falling  Edge 
of  STROBE 

X  »  Don't  care 


Test  Load 

All  Outputs 


o„0 


130PF  =±       <  11. 


Circuit  diagrams  external  to  or  containing  Motorola  products 
are  included  as  a  means  of  illustration  only.  Complete  information 
sufficient  for  construction  purposes  may  not  be  fully  illustrated. 
Although  the  information  herein  has  been  carefully  checked  and  is 
believed  to  be  reliable.  Motorola  assumes  no  responsibility  for 
inaccuracies.  Information  herein  does  not  convey  to  the  purchaser 


any  license  under  the  patent  rights  of  Motorola  or  others. 

The  information  contained  herein  is  for  guidance  only,  with  no 
warranty  of  any  type,  expressed  or  implied.  Motorola  reserves  the 
right  to  make  any  changrs  to  the  information  and  the  product (s) 
to  which  the  information  applies  and  to  discontinue  manufacture 
of  the  product  Is)  at  any  lime. 


6-512 


CMOS  Reliability 


MOTOROLA 


RELIABILITY 

Paramount  In  the  mind  of  every  semiconductor  user  is 
the  question  of  device  performance  versus  time.  After  the 
applicability  of  a  particular  device  has  been  established, 
its  effectiveness  depends  on  the  length  of  troublefree  ser- 
vice it  can  offer.  The  reliability  of  a  device  is  exactly  that 
—  an  expression  of  how  well  it  will  serve  the  customer. 
The  following  discussion  will  attempt  to  present  an 
overview  of  Motorola's  reliability  efforts. 

BASIC  CONCEPTS 

It  is  essential  to  begin  with  an  explanation  of  the  various 
parameters  of  Reliability.  These  are  probably  summarized 
best  In  the  Bathtub  Curve  (Figure  1).  The  reliability  perfor- 
mance of  a  device  is  characterized  by  three  phases:  infant 
mortality,  useful  life,  and  wearout.  When  a  device  is  pro- 
duced, there  is  often  a  small  distribution  of  failure  mecha- 
nisms which  will  exhibit  themselves  under  relatively 
moderate  stress  levels  and  therefore  appear  early.  This 
period  of  early  failures,  termed  Infant  mortality  is  reduced 
significantly  through  proper  manufacturing  controls  and 
screening  techniques.  The  most  effective  period  is  that  in 
which  only  occasional  random  failure  mechanisms  appear. 
The  useful  life  typically  spans  a  long  period  of  time  with  a 
very  low  failure  rate.  The  final  period  is  that  in  which  the 
devices  literally  wear  out  due  to  continuous  phenomena 
which  existed  at  the  time  of  manufacture.  Using  strictly 
controlled  design  techniques  and  selectivity  in  applica- 
tions, this  period  is  shifted  well  beyond  the  lifetime  re- 
quired by  the  user. 


Since  reliability  evaluations  usually  involve  only  sam- 
ples of  an  entire  population  of  devices,  the  concepts  of  the 
Central  Limit  Theorem  apply  and  X  is  calculated  using  x: 
distribution  through  the  equation: 

Xs  (x,  2r  +  2) 

X  «   

2nt 

100  -  CL 

where  x  =   

100 

CL  =  Confidence  Limit  in  percent 
r    =  Number  of  rejects 
n    =  Number  of  devices 
I    =  Duration  of  test 

The  confidence  limit  is  the  degree  of  conservatism  de- 
sired in  the  calculation.  The  Central  Limit  Theorem  states 
that  the  values  of  any  sample  of  units  out  of  a  large  popu- 
lation will  produce  a  normal  distribution.  A  50%  confidence 
limit  is  termed  the  best  estimate  and  is  the  mean  ol  this 
distribution.  A  90%  confidence  limit  Is  a  very  conservative 
value  and  results  in  a  higher  X  which  represents  the  point 
at  which  90%  of  the  area  of  the  distribution  is  to  the  left  of 
that  value  (Figure  2).  The  term  (2r  +  2)  Is  called  the  de- 
grees of  freedom  and  is  an  expression  of  the  number  of 
rejects  in  a  form  suitable  to  x2  tables. 


FIGURE  2 


1000  10,000  100,000 
Time  (HoursI 


1.000,000 


Both  the  Infant  mortality  and  random  failure  rate  regions 
can  be  described  through  the  same  types  of  calculations. 
During  this  time  the  probability  of  having  no  failures  to  a 
specific  point  in  time  can  be  expressed  by  the  equation: 

P„  =  e-Xt 


where  X  is  the  failure  rate  and  t  is  time.  Since  X  is  chang- 
ing rapidly  during  infant  mortality,  the  expression  does  not 
become  useful  until  the  random  period,  where  X  is  rela- 
tively constant.  In  this  equation  X  is  failures  per  unit  of 
time.  It  is  usually  expressed  in  percent  failures  per  thou- 
sand hours.  Other  forms  include  FIT  (Failures  in  Time  = 
(%/103  hrs)  x  10-4  =  io-9  failures  per  hour)  and 
MTTF  (Mean  Time  To  Failure)  or  MTBF  (Mean  Time  Be- 
tween Failures),  both  being  equal  to  1/X  and  having  units 
of  hours. 


50%  CL 


Failure  Rate 


The  number  of  rejects  is  a  critical  factor  since  the  defini- 
tion of  rejects  often  differs  between  manufacturers.  While 
Motorola  uses  data  sheet  limits  to  determine  failures, 
sometimes  rejects  are  counted  only  if  they  are  cata- 
strophic. Due  to  the  increasing  chance  of  a  test  not  being 
representative  of  the  entire  population,  as  sample  size 
and  test  time  are  decreased,  the  x2  calculation  produces 
surprisingly  high  values  of  X  for  short  test  durations  even 
though  the  true  long  term  failure  rate  may  be  quite  low. 
For  this  reason  relatively  large  amounts  of  data  must  be 
gathered  to  demonstrate  the  real  long  term  failure  rate. 

Since  this  would  require  years  of  testing  on  thousands 
of  devices,  methods  of  accelerated  testing  have  been 
developed. 

Years  of  semiconductor  device  testing  has  shown  that 
temperature  will  accelerate  failures  and  that  this  behavior 
fits  the  form  of  the  Arrhenius  equation: 


r  (t)  =  Ro(t)e  -  ena 
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where  R(l) 


Reaction  rate  as  a  lunction  ol  time  and 
temperature 


Rrj  =  A  constant 
t    =  Time 

6  =  Activation  energy  in  electron  volts 

k   =  Boltzman's  constant 

T   =  Temperature  in  degrees  Kelvin 

To  provide  time-temperature  equivalents  this  equation 
is  applied  to  (allure  rate  calculations  In  the  form: 

t  =  toe  e/kT 

where  t  =  time 

to  =  A  constant 

The  Arrhenius  equation  essentially  states  that  reaction 
rate  increases  exponentially  with  temperature.  This  pro- 
duces a  straight  tine  when  plotted  in  log-linear  paper  with 
a  slope  expressed  by  8.  8  may  be  physically  interpreted 
as  the  energy  threshold  of  a  particular  reaction  or  failure 
mechanism.  The  activation  energy  exhibited  by  semicon- 
ductors varies  from  about  0.3  eV.  Although  the  relation- 
ships do  not  prohibit  devices  from  having  poor  failure 
rates  and  high  activation  energies,  good  performance  usu- 
ally does  not  imply  a  high  8.  Studies  by  Bell  Telephone 
Laboratories  have  indicated  that  an  overall  8  for 
semiconductors  is  1 .0  eV.  This  value  has  been  accepted 
by  the  Rome  Air  Development  Command  for  time-tem- 
perature acceleration  in  powered  burn-in.  Data  taken  by 
Motorola  on  Integrated  Circuits  have  verified  this  number 
and  it  is  therefore  applied  as  our  standard  time-tempera- 
ture regression  for  extrapolation  of  high  temperature  fail- 
ure rates  to  temperatures  at  which  the  devices  will  be 
used  (Figure  3).  For  Discrete  products,  0.7  eV  Is  generally 
applied. 

To  accomplish  this,  the  time  in  device  hours  (11)  and 
temperature  (T1)  of  the  test  are  plotted  as  point  P1.  A  ver- 
tical line  is  drawn  at  the  temperature  of  interest  (T2)  and  a 
line  with  a  1.0  eV  slope  is  drawn  through  point  PI. 

Its  intersection  with  the  vertical  line  defines  point  P2, 
and  determines  the  number  of  equivalent  device  hours 
(t2).  This  number  may  then  be  used  with  the  x2  formula  to 
determine  the  failure  rate  at  the  temperature  of  interest. 
Assuming  T1  of  125°C  at  11  of  10,000  hours,  a  12  of  7.8 
million  hours  results  at  a  T2  of  50°C.  If  one  reject  results  in 
the  10,000  device  hours  of  testing  at  12S°C,  the  failure 
rate  at  that  temperature  will  be  20%/1 ,000  hours  using  a 
60%  confidence  level.  One  reject  at  the  equivalent  7.8  mil- 
lion device  hours  at  S0°C  will  result  in  a  0.026%/1,000 
hour  failure  rate,  as  illustrated  in  Figure  4. 

Three  parameters  determine  the  failure  rate  quoted  by 
the  manufacturer:  the  failure  rate  at  the  test  temperature, 
the  aclivation  energy  employed,  and  the  difference  be- 
tween the  test  temperature  and  the  temperature  of  the 
quoted  X.  A  term  often  used  in  this  manipulation  is  the 
"acceleration  factor"  which  is  simply  the  equivalent  device 
hours  at  the  lower  temperature  divided  by  the  actual  test 
device  hours. 

Every  device  wilt  eventually  fail,  but  with  the  present 
techniques  in  Semiconductor  design  and  applications,  the 
wearout  phase  is  extended  far  beyond  the  lifetime  re- 
quired. During  wearout,  as  in  infant  mortality,  the  failure 
rate  is  changing  rapidly  and  therefore  loses  ils  value.  The 
parameter  used  to  describe  performance  in  this  area  is 
"Median  Life"  and  is  the  point  at  which  50%  of  the  devices 
have  failed.  There  are  currently  only  few  significant 
wearout  mechanisms:  electromigration  of  circuit  metalli- 
zation, electrolytic  corrosion  in  plastic  devices  and  metal 
fatigue  lor  Power  devices. 


FIGURE  3 
NORMALIZED  TIME-TEMPERATURE 
REGRESSIONS  FOR  VARIOUS  ACTIVATION 
ENERGY  VALUES 

1000  k 

12      16      20     24     28      3.2  36 


500  200    T1  100  50 

Temperature  t°C) 


FIGURE  4 
FAILURE  RATE 
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For  increased  flexibility  in  working  with  a 
broad  range  of  device  hours,  the  time-tem- 
perature regression  lines  have  been  normal- 
ized to  500°C  and  the  time  scale  omitted, 
permitting  the  user  to  define  the  scale  based 
on  his  own  requirements. 
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"RAP"  RELIABILITY  AUDIT  PROGRAM  FOR  LOGIC  INTEGRATED  CIRCUITS 


INTRODUCTION 

In  January,  1977,  Motorola  Bipolar  Digital  Reliability  Engi- 
neering implemented  "RAP"  (Rapid  Reliability  Assessment 
Program)  to  provide  rapid  assessment  ol  the  reliability  ol 
newly  introduced  TTL  Low-Power  Schottky  (LS)  devices.  This 
RAP  concept  permits  rapid  feedback  of  Information  on  any 
reliability  problems  to  the  Product  Engineering  group  so  that 
corrective  action  can  be  quickly  implemented.  The  RAP  pro- 
gram is  performed  by  the  Reliability  Engineering  Department 
on  samples  submitted  by  Product,  Process,  or  Package  Engi- 
neering for  obtaining  a  rapid  look  at  the  reliability  of  new 
products,  processes,  or  packages.  This  program  has  been 
extended  to  standard  74F  (FAST),  TTL,  TTL  Memories, 
MDTL,  MHTL,  MECL  III,  MECL 10K  and  10KH,  MECL  Mem- 
ories, Macrocell  Arrays,  Phase  Lock  Loop  (PLL)  and  CMOS 
Logic  product  families. 


RELIABILITY  AUDIT  PROGRAM  (RAP) 
(per  Motorola  specification  12MRM15301A) 

PTHB  — 15  psig/121'CMO0%  RH  at  rated  Vcc  'or  16  hours 
—  performed  on  a  weekly  basis.  (To  be  performed  on  plastic 
encapsulated  devices  only.)  Final  readout  at  46  hrs. 

Temp  Cycling  —  MIL-STD-833,  Method  1010, 1000  cycles, 
Condition  C,  -65°C/+150°C.  Interim  readout  at  100  cycles 
(plastic  and  hermetic  packages).  Sample  puiled  on  weekly 
basis  —  final  readout  at  1000  cycles. 


Op.  Life  Test  —  MIL-STD-883,  Method  1005,  Condition  A 
(Reverse  Bias)  or  C  (Power  plus  Reverse  Bias),  Ta  -  1 45°C; 
readouts  at  40  hrs  and  250  hrs  (plastic  and  hermetic  pack- 
ages). Sample  pulled  on  weekly  basis. 

Report  —  Monthly  Reliability  Engineering  computer  printout 
summarizing  test  results. 

NOTES: 

1.  All  standard  2S°C  dc  and  functional  parameters  will  be 
measured  Go/No/Go  at  each  readout. 

2.  Any  indicated  failure  is  first  verified  and  then  submitted  to 
the  Product  Analysis  Lab  for  detailed  analysis. 

3.  Device  types  sampled  will  be  by  generic  type  within  each 
digital  l/C  product  family  and  will  include  all  major  package 
assembly  options  (U/S  bond,  TC  bond,  ball  bond,  TAB., 
etc.)  and  all  assembly  locations  (Korea,  Malaysia,  etc.). 

4.  16  hrs  PTHB  is  equivalent  to  approximately  800  hrs  of 
85*C/85%  RH  THB  tor  Vrjc  <  15  V. 

5.  Only  moisture  related  failures  (like  corrosion)  are  criteria 
for  failure  on  PTHB  test. 

6.  40  hr/145°C  Op  Life  is  equivalent  to  160  hr/125°C  using 
1.0  eV  in  Arrhenius  equation. 

7.  250  hrs/145°C  Op  Life  Is  equivalent  to  1000  hrs/125°C 
using  1 .0  eV  In  Arrhenius  equation. 

8.  Special  device  specifications  (48A's)  for  logic  products  will 
reference  12MRM15301A  as  source  of  generic  data  for 
any  customer  required  monthly  audit  reports. 
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Equivalent  Gate  Count 
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EQUIVALENT  GATE  COUNT 


The  following  is  a  list  of  equivalent  gate  counts  for  some  of  Motorola's  CMOS  devices.  In  general 
for  CMOS,  the  number  of  equivalent  gates  is  equal  to  the  total  number  of  transistors  on  chip  divided 
by  four.  This  list  includes  only  those  devices  with  equivalent  gate  counts  known  at  the  time  of  this 
printing. 


Crtl  IIWAI  CfclT 

EQUIVALENT 

EQUIVALENT 

UCVIlsC 

oAl  b  UUUN  1 

UbvlOb 

GATE  COUNT 

MC14000UB 

3.5 

MC14099B 

70 

MC14001B 

8 

MC14161B 

72.5 

MC14001UB 

4 

MC14163B 

72.5 

MC14002B 

7 

MC14174B 

43.5 

MC14002UB 

4 

MC14014B 

74 

MC14006B 

61.5 

MC14018B 

38.25 

MC14007UB 

1.5 

MC14021B 

74 

MC14008B 

40 

MC14067B 

65 

MC14011B 

8 

MC14097B 

65 

MC14011UB 

4 

MC14500B 

206 

MC14012B 

7 

MC14534B 

192 

MC14012UB 

4 

MC14175B 

39.5 

MC14013B 

16 

MC14490 

136.5 

MC14014B 

74 

MC14500B 

192 

MC14016B 

8 

MC14503B 

17 

MC14017B 

62.5 

MC14504B 

37.5 

MC14018B 

38.25 

MC14508B 

42 

MC14020B 

84 

MC14510B 

74 

MC14021B 

74 

MC14511B 

54 

MC14023B 

9 

MC14512B 

17 

MC14023UB 

4.5 

MC14514B 

59 

MC14024B 

59 

MC14515B 

67 

MC14025B 

9 

MC14516B 

61 

MC14025UB 

4.5 

MC14517B 

119 

MC14028B 

26 

MC14518B 

43.5 

MC14029B 

65.5 

MC14520B 

43.5 

MC14034B 

145 

MC14522B 

86 

MC14035B 

38.5 

MC14526B 

86 

MC14040B 

73 

MC14527B 

46 

MC14042B 

17.5 

MC14528B 

24 

MC14046B 

35 

MC14532B 

38.5 

MC14049UB 

3 

MC14534B 

206 

MC14050B 

6 

MC14536B 

103 

MC14051B 

48.5 

MC14538B 

38 

MC14052B 

38.5 

MC14539B 

20 

MC14053B 

38 

MC14541B 

93 

MC14066B 

13 

MC14543B 

52 

MC14067B 

65 

MC14549B 

122 

MC14068B 

8 

MC14551B 

35 

MC14069UB 

3 

MC14553B 

147.5 

MC14071B 

10 

MC14555B 

21 

MC14072B 

8 

MC14556B 

25 

MC14073B 

10.5 

MC14557B 

232.5 

MC14075B 

10.5 

MC14559B 

122 

MC14078B 

7.5 

MC14568B 

137.25 

MC14081B 

10 

MC14569B 

156 

MC14082B 

8 

MC14572UB 

4 

MC14093B 

16 

MC14573 

7 

MC14094B 

79 

MC14574 

9 

MC14097B 

65 

MC14575 

11 
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Packaging  Information 
Including  Surface  Mounts 
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PACKAGE  DIMENSIONS 


The  standard  package  availability  for  each  device  is  indicated  on  the  front  page  of  the  individual  data 
sheets.  Dimensions  for  the  packages  are  given  in  this  chapter.  Surface  mount  packages  may  be 
special  ordered  by  specifying  the  following  suffixes:  "D"  (narrow  SOIC),  "DW"  (wide  SOIC),  or  "FN" 
(PLCC).  For  example,  to  order  a  quad  NOR  gate,  use  MC14001BD. 


14-PIN  PACKAGE 


CERAMIC  PACKAGE 
CASE  632-08 


-[*]- 


r^V,  ^ 


14 


1  t 

^    ^    ^    'v'    V  'v' 


GET 

5EATJNG 
PUKE 


I 

IS 

_1 


■  D  im  

|  +  |«5(Ml«g>  |T  |  A®| 


NOTES: 

1.  DIMENSIONING  AND  TOLE RANGING  PER  ANSI 
Y14.5M.  1982. 

CONTROLLING  DIMENSION:  INCH. 
DIMENSION  L  TO  CENTER  OF  LEAD  WHEN 
FORMED  PARALLEL. 

DIM  F  MAY  NARROW  TO  0,76  [D.03W  WHERE  THE 
LEAD  ENTERS  THE  CERAMIC  BODY. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

19.05 

19.94 

0.750 

0.785 

B 

E.23 

7.11 

0.245 

0.280 

C 

3.94 

5.08 

0.155 

0.200 

D 

0.39 

0.50 

0.015 

OOZO 

F 

1.40 

1.65 

0.055 

0.065 

G 

2.54  BSC 

0.100  BSC 

J 

0.21 

0.38 

0.008 

0.015 

K 

3.18 

4.31 

0.125 

0.170 

L 

7.62  BSC 

0.300  BSC 

M 

0° 

15° 

0" 

15° 

N 

0.51 

1.01 

0.020 

0.040 

A  A  A  A  A  A  A 


WVWW 


PLASTIC  PACKAGE 
CASE  646-06 


-NOTE1 


1  cc&Tiun  1 — 


SEATING 


NOTES: 

1.  LEADS  WITHIN  0.13  mm  I0.005I  RADIUS  OF  TRUE 
POSITION  AT  SEATING  PLANE  AT  MAXIMUM 
MATERIAL  CONDITION. 

2.  DIMENSION  "L"  TO  CENTER  OF  LEADS  WHEN 
FORMED  PARALLEL. 

3.  DIMENSION  "B"  DOES  NOT  INCLUDE  MOLD 
FLASH. 

4.  ROUNDED  CORNERS  OPTIONAL. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.16 

19.56 

0.715 

0.770 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.69 

4.69 

0.145 

0.185 

D 

0.38 

0.53 

0.015 

0.021 

F 

1.02 

1.78 

0.040 

0.070 

G 

2.54 

BSC 

0.100  BSC 

H 

1.32 

2.41 

0.052 

0.095 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.62  BSC 

0.300  BSC 

M 

0° 

10° 

0° 

10' 

N 

0.39 

1.01 

0.015 

0.039 

PACKAGE  DIMENSIONS  (Continued) 


14-PIN  PACKAGE 


SOIC  PACKAGE 
CASE  751A-02 
D  SUFFIX 


fl  fl  R  R  fl  fl  H" 

14  B 

© 

-~j  G  k- 

I  41  Q.Z5  ro.0ID>  <g)  I B  ®i 
m 


S3  tlJ3BBBi30J 


D-«-|  [^-HPl 


It 

-M 


Ft  X  45° 


NOTES: 

1 .  DIMENSIONS  A  AND  B  ARE  DATUMS  AND  T  IS  A 
DATUM  SURFACE. 

2.  DIMENSIONING  ANDTOLERANCING  PER  ANSI 
Y14.5M,  1982. 

3.  CONTROLLING  DIMENSION:  MILLIMETER. 

4.  DIMENSION  A  AND  B  DO  NOT  INCLUDE  MOLD 
PROTRUSION. 

5.  MAXIMUM  MOLD  PROTRUSION  0.15  10.0061 
PER  SIDE. 


I  4 1  0.25  10.010)  ®  I  T  I  B  ©  I  A  (I  I 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.55 

8.75 

0.337 

0.344 

B 

3.80 

4.00 

0.150 

0.157 

C 

1.35 

1.75 

0.054 

0.068 

D 

0.35 

0.49 

0.014 

0.019 

F 

0.40 

1.25 

0.016 

0.049 

G 

1.27  BSC 

0.050  BSC 

J 

0.19 

0.25 

0.008 

0.009 

K 

0.10 

0.25 

0.004 

0.009 

M 

0° 

7° 

0° 

7° 

P 

5.80 

6.20 

0.229 

0.244 

R 

0.25 

0.50 

0.010 

0.019 

9 


9-3 


PACKAGE  DIMENSIONS  (Continued) 


16-PIN  PACKAGE 


CERAMIC  PACKAGE 
CASE  620-09 


M  8_ 


LLJ 

SEATING 


4 


1.  DIMENSIONING  AND  TOLERANCING  PER  ANSI 
Y14.5M,  1982. 

2.  CONTROLLING  DIMENSION:  INCH. 

3.  DIMENSION  L  TO  CENTER  OF  LEAD  WHEN 
FORMED  PARALLEL. 

4.  DIM  F  MAY  NARROW  TO  0.76  10.0301  WHERE  THE 
LEAD  ENTERS  THE  CERAMIC  BODY. 


.  D  Mfl 


4l0.2510.O10)  ®  |T|  A© 


-Jim 
l4l  03610.0101®  |T|  BtS| 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

19.05 

19.55 

0.750 

0.770 

B 

6.10 

7.36 

0.240 

0.290 

C 

4.19 

0.165 

D 

0.39 

0.53 

0.015 

0.021 

E 

1.27  BSC 

0.05C 

BSC 

F 

1.40  I  1.77 

0.055  I  0.070 

G 

2.54  BSC 

0.100 

BSC 

J 

0.23 

0.27 

0.009 

0.011 

K 

5.08 

0.200 

L 

7.62  BSC 

0.30C 

BSC 

M 

0° 

15° 

0° 

15" 

N 

0.39 

0.88 

0.015 

0.035 

i\  ri  a  ft  ft  ft  ft  n 


,0 


u  v  u  y  ^ 

A 


Wife 


PLASTIC  PACKAGE 
CASE  648-06 


units 


9    lt\  i 


NOTES: 

1.  LEADS  WITHIN  0.13  mm  10.005)  RADIUS  OF  TRUE 
POSITION  AT  SEATING  PLANE  AT  MAXIMUM 
MATERIAL  CONDITION. 

2.  DIMENSION  "I"  TO  CENTER  OF  LEADS  WHEN 
FORMED  PARALLEL. 

3.  DIMENSION  "B"  DOES  NOT  INCLUDE  MOLD 
FLASH. 

4.  "F"  DIMENSION  IS  FOR  FULL  LEADS. 

5.  ROUNDED  CORNERS  OPTIONAL. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.80 

21.34 

0.740 

0.840 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.69 

4.69 

0.145 

0.185 

D 

0.38 

0.53 

0.015 

0.021 

F 

1.02 

1.78 

0.040 

0.070 

G 

2.54  BSC 

0.100  BSC 

H 

0.38 

2.41 

0.015 

0.095 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.62  BSC 

0.300  BSC 

M 

0° 

10° 

0° 

10° 

N 

0.39 

1.01 

0.015 

0.040 
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PACKAGE  DIMENSIONS  (Continued) 


16-PIN  PACKAGE 


SOIC  PACKAGE 
CASE  751B-03 
D  SUFFIX 


R~H~H~H~R~H~H~R 


© 


4# 


P  If  I  0.2510.0101  ©I  B  ®l 


-H  G  K 


C 


tlSHBSQSjLt 


|  |*-16Pl 


SEATING 
PLANE 


r 


R  X  45= 


-M 


NOTES: 

1.  DIMENSIONS  A  AND  B  ARE  DATUMS  AND  T  IS  A 
DATUM  SURFACE. 

2.  DIMENSIONING  AND  TOLERANCING  PER  ANSI 
Y14.5M,  1982. 

3.  CONTROLLING  DIMENSION:  MILLIMETER. 

4.  DIMENSION  A  AND  B  DO  NOT  INCLUDE  MOLD 
PROTRUSION. 

5.  MAXIMUM  MOLD  PROTRUSION  0.15  (0.006) 
PER  SIDE. 


I  4 1  0-25  I0010)  ®|  T|  B  ©I  A  ©| 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.80 

10.00 

0.38E 

0.393 

B 

3.80 

4.00 

0.150 

0.157 

C 

1.35 

1.75 

0.054 

0.068 

D 

0.35 

0.49 

0.014 

0.019 

F 

0.40 

1.25 

0.016 

0.049 

G 

1.27  BSC 

0.050  BSC 

J 

0.19 

0.25 

0.008 

0.009 

K 

0.10 

0.25 

0.004 

0.009 

M 

0° 

7° 

0° 

7° 

P 

5.80 

6.20 

0.229 

0.244 

R 

0.25 

0.5O 

0.010 

0.019 

 h±]  ► 

FnrFnnrFnrn 

16  9 

©  8 

t  I 

Gb3  p 

SOIC  PACKAGE 
CASE  751G-01 
DW  SUFFIX 


4^ 


in. 


D  16  PL 


I  4 1  0.25 10.010)  ©  I  T  I  B  ©I  A  ©I 


NOTES: 

1.  DIMENSIONS  A  AND  B  ARE  DATUMS  AND  T  IS  A 
DATUM  SURFACE. 

2.  DIMENSIONING  AND  TOLERANCING  PER  ANSI 
Y14.5M,  1982. 

3.  CONTROLLING  DIMENSION:  MILLIMETER. 

4.  DIMENSION  A  AND  B  DO  NOT  INCLUDE  MOLD 
PROTRUSION. 

5.  MAXIMUM  MOLD  PROTRUSION  0.15  10.006) 
PER  SIDE. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.15 

10.45 

0.400 

0.411 

B 

7.40 

7.60 

0.292 

0.299 

C 

2.35 

2.65 

0.093 

0.104 

D 

0.35 

0.49 

0.014 

0.019 

F 

0.50 

0.90 

0.020 

0.035 

G 

1.27  BSC 

0.050  BSC 

J 

0.25 

0.32 

0.010 

0.012 

K 

0.10 

0.25 

0.004 

0.009 

M 

0° 

7° 

0" 

7° 

P 

10.05 

10.55 

0.395 

0.415 

0.25 

0.75 

0.010 

0.029 
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PACKAGE  DIMENSIONS  (Continued) 


18-PIN  PACKAGE 


i"ii"ir"n"ii"if''iinnnii"i 


PLASTIC  PACKAGE 
CASE  707-02 


BAM 


NOTES: 

1.  POSITIONAL  TOLERANCE  OF  LEADS  (D),  SHALL  BE 
WITHIN  0.25mm(0.010l  AT  MAXIMUM  MATERIAL 
CONDITION,  IN  RELATION  TO  SEATING  PLANE 
AND  EACH  OTHER. 

2.  DIMENSION  L  TO  CENTER  OF  LEADS  WHEN 
FORMED  PARALLEL 

3.  DIMENSION  B  DOES  NOT  INCLUDE  MOLD  FLASH. 


DIM 

MILL* 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

7232 

23.24 

0.875 

0.915 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.S6 

4.67 

0.140 

0.180 

D 

0.36 

0.56 

0.014 

0.022 

F 

U7 

1.78 

0.050 

0.070 

G 

2.54  BSC 

0.100 

BSC 

H 

1.02 

1.52 

0.040 

0.060 

J 

0.20 

0.30 

0.008 

0.012 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.62  BSC 

0.300  BSC 

M 

0° 

15" 

0° 

15" 

N 

0.51 

1.02 

0.020 

0.040 

CERAMIC  PACKAGE 
CASE  726-04 


V— M 


NOTES: 

1.  LEADS,  TRUE  POSITIONED  WITHIN  0.25  mm 
10.0101  DIA.  AT  SEATING  PLANE.  AT  MAXIMUM 
MATERIAL  CONDITION. 

2.  DIM  "L"  TO  CENTER  OF  LEADS  WHEN  FORMED 
PARALLEL 

3.  DIM  "A"  &  "B"  INCLUDES  MENISCUS. 

4.  "F"  DIMENSION  IS  FOR  FULL  LEADS.  "HALF' 
LEADS  ARE  OPTIONAL  AT  LEAD  POSITIONS  1, 9, 
10,  AND  IB. 


DIM 

MILLIMETERS 

ma 

MIN 

MAX 

MIN 

MAX 

A 

22.35 

23.11 

0380 

0.910 

B 

6.10 

7.49 

0.240 

0.295 

C 

5.08 

0.200 

D 

0.38 

0.53 

0.015 

0.021 

F 

1.40 

1.78 

0.055 

0.070 

G 

2.54  BSC 

0.100  BSC 

H 

0.51 

1.14 

0.020 

0.045 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.18 

4.32 

0.125 

0.170 

L 

7.62  BSC 

0.300  BSC 

M 

0° 

15" 

0° 

15° 

N 

0.51 

1.02 

0.020 

0.040 
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PACKAGE  DIMENSIONS  (Continued) 


24-PIN  PACKAGE 


CERAMIC  PACKAGE 
CASE  623-05 


NOTES: 

1.  DIM  "L"  TO  CENTER  OF 
LEADS  WHEN  FORMED 
PARALLEL. 

2.  LEADS  WITHIN  0.13  mm 
(0.005)  RADIUS  OF  TRUE 
POSITION  AT  SEATING  PLANE 
AT  MAXIMUM  MATERIAL 
CONDITION.  (WHEN  FORMED 
PARALLELI. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

31.24 

32.77 

1.230 

1.290 

B 

12.70 

15.49 

0.500 

0.610 

C 

4.06 

5.59 

0.160 

0  220 

D 

0.41 

0.51 

0.016 

0.020 

F 

1.27 

1.52  i 

0.050 

0.060 

G 

2.54  BSC 

0.100  BSC 

J 

0.20 

0.30 

0.00B 

0.012 

K 

3.18 

4.06 

0.125 

0.160 

L 

15.24 

BSC 

0.600 

BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.27 

0.020 

0.050 

PLASTIC  PACKAGE 
CASE  709-02 


24 

13 

) 

B 

P 

12 

1 

L  H 


-■-Jul—  »-|g|-«  .- 

F 


NOTES: 

1.  POSITIONAL  TOLERANCE  OF  LEADS  IDI,  SHALL  BE 
WITHIN  0.25  mm  10.0101  AT  MAXIMUM  MATERIAL 
CONDITION,  IN  RELATION  TO  SEATING  PLANE  AND 
EACH  OTHER. 

2.  DIMENSION  L  TO  CENTER  OF  LEADS  WHEN  FORMED 
PARALLEL. 

3.  DIMENSION  B  DOES  NOT  INCLUDE  MOLD  FLASH. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

31.37 

32.13 

1.235 

1.265 

B 

13.72 

14.22 

0.540 

0.560 

C 

3.94 

5.08 

0.155 

0.200 

D 

0.36 

0.56 

0.014 

0.022 

F 

1.02 

1.52 

0.040 

0.050 

G 

2.54  BSC 

0.100  BSC 

H 

1.65 

2.03 

0.065 

0.0B0 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.92 

3.43 

0.115 

0.135 

L 

15.24  BSC 

0.600  BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.02 

0.020 

0.040 
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Master  Index 

Product  Selection  Guide 
The  "Better"  Program 

B  and  UB  Series  Family  Data 
CMOS  Handling  and  Design  Guidelines 
Data  Sheets 
CMOS  Reliability 

Equivalent  Gate  Count 

Packaging  Information 
Including  Surface  Mounts 


M)  MOTOROLA 


Literature  Distribution  Centers: 

USA:  Motorola  Literature  Distribution;  P.O.  Box  20912;  Phoenix.  Arizona  85036. 

EUROPE:  Motorola  Ltd.;  European  Literature  Center;  88  Tanners  Drive.  Blakelands  Milton  Keynes,  MK145BP,  England. 
ASIA  PACIFIC:  Motorola  Semiconductors  H.K.  Ltd.;  P.O.  Box  80300;  Cheung  Sha  Wan  Post  Office;  Kowloon  Hong  Kong. 


TB46496B013 


